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Effects of Cycle to Run Transition on Physiological Variables Associated w ith 
Running Economy and Efficiency in  Trained Male Triathletes.
Director: Brent C. Ruby, Ph.
The purpose of this study was to examine the physiologic differences in  
running  economy and efficiency between post-cycle transition runs (PT) and a 
run-only (RO) trials in  6 trained triathletes. Subjects were tested for peak VO; 
and lactate threshold (LT) during treadm ill running and cycle ergometry 
(peak VO; run=71.89±1.80; cycle=68.30±3.69 m l/kg /m in ). Running efficiency 
was compared using the first 3 stages of the VO; max trial and a 40 min. cyde, 
1 m in transition, 15 m inute run  (at the same intensities as the 3 stages of the 
VO; max test). The slopes of oxygen consum ption from both tests were 
compared and no significant difference (pc0.05) was found. The runn ing  
economy tests included a 20 min. run-only trial and a 40 min. cycle, 1 m in. 
transition, 20 min. run  trial perform ed at 90%LT. VO; (L/m in) was 
significantly higher (p<0.05) at all time points during the PT run. La- levels 
were significantly higher during the first 4 stages (p<0.05) but returned to RO 
levels during the 5th stage. HR was significantly higher (p<0.05) at all tim e 
points during the PT trial. RER was significantly lower at all time points 
(p<0.05) of the PT trial. V entilation (L/ min) was higher during the first 3 
stages of the PT trial but returned to RO values at m inutes 15 and 20. There 
were no significant differences (p<0.05) during the transition economy trial 
for the variables of HR, Ve, La- and VO; (L /m in) for the comparisons of 35 
and 40 m inute cycling v. 2 and 5 m inute run, 35 and 40 m inute cycling v. 10, 
15 and 20 m inute run  and 2 and 5 m inute v. 10, 15 and 20 m inute run . 
However, RER dropped significantly between the 35 and 40 m inute cycling v. 
10,15 and 20 m inute run  (p=0.001) and the 2 and 5 m inute run  v. 10,15 and 20 
m inute runs (p=0.0067). These results indicate that post-transition running is 
likely affected by a com bination of variables. These include but may not be 
limited to 1) decreased plasma volum e (elevated HR, decreased body weight),
2) rise in  core tem perature (elevated VO;) and 3) differential substrate 
selection (<RER & CHO).
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Chapter One: Introduction
Introduction:
The triath lon is a sporting event which was first contested approximately 20 
years ago in California, stem m ing from beach lifeguarding competitions. 
T riathlon competitions consist of swim m ing, cycling and running, typically 
in that order. Events can vary in distance from a short sprint (400m sw im / 6 
mile cyde/ 2 mile run) to an Ironm an (2.4 mile bike/ 112 mile cyde/ 26.2 m ile 
run).
The triath lon has seen considerable growth in  its short existence and has 
recently been accepted as an Olympic sport to be contested in Sydney, 
Australia in  the year 2000. The distance for that race will be the International 
Distance (1.5km/ 40km / 10km), the most commonly conduded distance. The 
sports most famous event is the Hawaii Ironm an Triathlon, an event w hich 
began in 1977 and draw s some of the prem iere athletes in  the sport to Kailua- 
Kona each October.
Due to the sports' relative infancy, lim ited research has been conduded to 
investigate physiological changes which occur w hen training for and 
partidpating in tria th lon events. Because the event involves the 
performance of three separate and unique activities, the stresses and 
adaptations from performance of these activities may be drastically different
than  those seen in  any one of the events individually.
W hile past research has been lim ited, prior research indicates there may be 
physiological responses independent or unique to triathlon. Kreider et al. 
(1988) showed increases in  oxygen consum ption, ventilation and heart rate 
w hen running  (10km) was conducted imm ediately after a cycling trial (40km). 
The results of this sim ulated race suggests possible decreases in runn ing  
economy as a result of prior cycling. O Tolle and Douglas (1995) indicated that 
an area of triathlon physiology which is not well understood relates to 
running  economy. The knowledge of economical changes associated w ith 
triathlon running  may have significant bearing on exercise prescription since 
it w ould be in an athletes best interest to m inim ize any decrease in runn ing  
efficiency and economy.
Interest in  the sport is certain to grow w ith its introduction in the Olympic 
Games. However, exercise prescription for triathlon is currently being 
adapted from the individual events involved rather than from research 
specifically investigating triathlon. Research of the physiological responses 
and adaptations of triathlon performance may provide insights to help 
im prove tria th lon training and performance.
Problem:
The purpose of this investigation was to determ ine select physiological 
changes which occur in  trained male triathletes resulting from the transition 
from cycle to ru n  during a sim ulated race.
This investigation recorded, evaluated and compared oxygen uptake (VOg), 
ventilation (Vg), respiratory exchange ratio (RER), blood lactate 
concentrations (La), substrate utilization patterns and heart rate (HR) at 
intensities relative to lactate threshold during two bike-run transition trials 
and a run-only trial.
The data collected provided insight to the previously unresearched 
physiological changes during the bike-run transition and scrutinized changes 
in  running  efficiency, economy and variations in fuel selection that resulted 
from the transition.
Research Hypothesis:
Hypothesis One: T here will be no significant difference in running efficiency 
w hen comparing oxygen consum ption of the Transition Efficiency Trial and 
the VO; max ru n  trial.
Justification: There has been little evidence to support any conclusion that 
cycling prior to running  will have any effect on running economy. O'Toole
and Douglas (1995) stated in  their review article on physiology of tria th lon  
"no studies have specifically examined the relationships between underlying 
physiology and m ovem ent economy in triathletes."
Hypothesis Two: There will be no significant difference between the
Transition Economy trial and Running Economy trial at time points 2, 5, 10, 
15 and 20 for the variables of VOj, RER, HR and La .
Justification: There is no specific physiological data to suggest that differences 
may exist or occur during running, post-cycling.
Hypothesis Three: A lthough there may be differences between exercise 
modes for these variables, there will be no significant differences in La , RER, 
Vg, HR and VOg unique to the transition during the transition economy trial 
for the following comparisons.
m ean of 35 and 40 m inute cycle vs. m ean of 2 and 5 m inute ru n  
m ean of 35 and 40 m inute cycle vs. m ean of 10,15 and 20 m inute ru n  
m ean of 10,15 and 20 m inute run  vs. m ean of 2 and 5 m inute ru n  
Justification: A lthough past research has show n that triathletes have a higher 
VOg during the ru n  v. the cycle (Khort et al. 1986) there is not sufficient data 
to suggest that this is the result of the transition.
Significance of the Study:
Very little research has been done investigating the changes in physiology 
which occur in  athletes w hen transitioning from cycling to running in a 
triathlon event. By m easuring VOj max. La, Vg, RER and HR, during a 
sim ulated race, this study will contribute to our understanding of physiologic 
factors related to transitioning from cycle to run  and provide m ore 
inform ation to assist athletes and coaches in  exercise prescription.
Inform ation gathered should have valuable implications as to the 
importance of transitioning from the bike to the run  and lead to further 
studies to help w ith im provem ents in running  efficiency, economy and race 
performance. This data should be valuable to athletes of all ages, sexes and 
abilities.
Rationale of the Study:
O'Toole and Douglas (1995) state that there has not been any research 
. specifically exam ining the relationship of physiology and economy. 
However, Kreider et al, (1988) showed significant increases in oxygen uptake, 
Vg and HR and a decrease in stroke volume, indicating a drop in runn ing  
economy. These conclusions support the need for additional research in  
these areas.
Training and competing in a triathlon event is very different than  
perform ing any one of the individual events. By providing m ore 
inform ation on the physiological changes which occur as a result of the 
transition from cycling to running, training specificity may be im proved.
Lim itations:
i. Training status of athletes: the male triathletes were in  the early- 
competitive stages of their training season. Training status of the athletes 
vary individually and the level of fitness and load of training were no t 
controllable during, between or in  accordance w ith all tests and 
m easurem ents. However, subjects were inform ed that their training should 
continue as usual, but that exercise should not be performed in the 12 hours 
prior to testing.
ii. N on-random ized sample: The subjects used in this study were no t 
random ly selected; They were selected on the basis of their common training 
habits, experience and competitive abilities.
iii. Instrum entation: There is an inherent m argin of error associated w ith  
the use of all equipm ent. This will be m inim alized w ith the careful 
calibration and operation of all equipm ent by trained testers prior to and 
during all testing procedures.
iv. Fixed transition time: In this study each athlete will be given exactly 
one m inute to proceed from the cycling to the running portions of the test. In 
a triath lon event the time changes are not exact and vary individually. 
However, competitive triathletes commonly attempt to m inim ize transition 
times.
Delim itations:
i. Type of subjects: All subjects used in  this investigation are trained, 
male triathletes w ith a m inim um  of 3 years of triathlon training and racing 
experience.
ii. Specific intensity levels: This study wiU have athletes exercising at 
intensities predeterm ined on the basis of individual lactate thresholds, w hich 
closely resemble the intensities com m on to the Olympic Distance T riathlon 
(1500m swim, 40km cycle, 10km run.)
iii. Males only: Volunteer male subjects were used in this study represent 
the most highly trained triathletes in  the present geographic area. The use of 
males subjects is a more simple measure, as ovulatory and other gender 
specific issues need not be addressed. The use of male subjects should no t 
lim it the goals or purpose of this study.
Definition of Term s:
Triathlon: an endurance event contain three events, normally sw im m ing, 
cycling and running. The two most comm on and popular distances are 
Olympic (1.5km sw im / 40km cycle/ 10km run) and Ironm an (1.2 m  swim / 
112 m  cycle/ 26.2 m  run).
Transition: the period of time in  a triathlon between swim m ing and cycling 
and cycling and running. For the purposes of this study we will refer to the 
transition as the period between cycling and running .
Respiratory Exchange Ratio (RER): Is the ratio of expired carbon dioxide and 
consum ed oxygen (VCOg/ VOg). This ratio determines substrate utilization ty  
the exercising athlete.
Oxygen Consum ption (VOj): The oxygen uptake required to sustain exercise 
at a given level of intensity. Oxygen is necessary for cellular respiration 
production of and production of energy required to perform .
Economy: The rate of oxygen consum ption at a given exercise intensity
Efficiency: The slope of the change in oxygen consum ption relative to an 
increase in  exercise intensity.
Chapter Two; Review Of Related Literature
Most of the research on the sport of triathlon has focused on descriptive data 
regarding training status and physiological abilities of triathletes. Results 
have dem onstrated the differences between triathletes and untrained athletes 
or athletes specifically trained for one sport. Pockets of research have began 
to look at what happens to running  performance after cycling but m uch of the 
inform ation has been lim ited in  scope or has had questionable physiological 
controls.
This review of literature describes the physiological profiles of triathletes, 
changes which occur as a result of successive performance of its events and 
draws on references from  studies on running  efficiency, economy and fuel 
utilization to help identify any changes which may occur as a result of prior 
exercise.
Physiological Differences Between Cvcling and Running In Triathletes:
Khort et al. (1987) studied physiological responses of 13 triathletes to m axim al 
swim m ing, cycling and ruim ing. Results showed a significant difference (p< 
.05) between m ean VOj max of cycle ergometry (57.9 m l/k g /m in ) and 
treadm ill running  (60.5 m L /kg/m in). No differences between Vg, HR or RER 
were found.
10
Schneider et al. (1990) studied 10 highly trained m ale triathletes during Œ  
and TR. M ean TR VOj max values were significantly higher (absolute, p  < 
.003) than CE (5.42 v. 5.05 1/m) and (relative, p< .002) (75.4 v. 70.3 
m L /kg/m in). Max V gfor cycling was significantly higher (p< .009) for cycling 
than  running  (182.3 v. 171.4). Heart rates and RER values were higher in  
running  but not significant. Athletes had significantly higher (p< .005) 
plasma volum e losses in  CE v. TR .
Loftin et al. (1988) investigated peak physiological function in  14 recreational 
male triathletes. Peak performance tests were performed for arm  crank, leg 
ergom eter and treadm ill run, successively, w ith 15 m inutes between each test. 
Significant differences were found (p< .05) between CE and TR in VOj 
(l/m in) (3.17 v. 3.64), VOj (m L/kg-BW /m in) (43.6 v. 49.7), VOj (mL/kg- 
LBM/ min) (50.0 v. 56.9) and max HR (181.6 v. 170.1).
Khort et al. (1989) followed the progressions of 14 triathletes over the course 
of a season of training to assess their responses to training. VO; max and 
Lactate Threshold (LT) were m easured for CE and TR. Lactate Threshold (LT) 
was defined as >4 mMol concentration. Athletes were measures 4 tim es 
throughout the season
(at 2 m onth intervals). In all sessions VO; max and VO; @ threshold CE < TR 
(p< .05). VO; max for CE and VO; @ LT for CE and TR increased significantly
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(p< .05) throughout the season. Vg was not significantly different for CE and 
TR and did not change throughout the season.
Physiological Changes Associated W ith Successive Cycling & Running:
The most recently pubhshed investigation of changes in physiology associated 
w ith triath lon performance was conducted by Guezennec et al. (1996). This 
purpose of this study was to determ ine if there was an increased energy cost of 
running  at the end of a triathlon (1.5km sw im / 40km bike/ 10km run) versus 
a 10km run. Results (n = ll males) showed that triathlon running elicited a 
significantly higher m ean VO; , Vg and HR and a greater decrease in body 
mass (kg) and plasm a volume. Blood lactate concentrations were similar at 
the end of each run. The researchers concluded a decrease in runn ing  
economy occurred while running in  an Olympic distance triathlon.
Kreider et al. (1988) investigated (n=9 males) the therm al and cardiovascular 
changes associated w ith independent sport participation versus a sim ulated 
triathlon (1.5km sw im / 40km bike/ 10km run). Triathlon running showed 
significant increases in  oxygen uptake ( 3.41 to 3.85 l/m in), ventilation ( 91.3 
vs 104.2 l/m in ) and heart rate (161 to 174 bpm) compared to running alone. A 
significant decrease in stroke volum e (138 to 129 m L/ min) was also observed 
post-transition.
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Wells et al. (1987) studied fluid shift changes associated w ith successive 
cycling and running. Seven m en and five wom en were studied. Changes did 
not differ between the sexes so data was combined. Athletes performed trials 
of 10km run  followed by a 40km bike, followed a week latter w ith the order 
reversed. Sequential cycling and running caused significant changes in % 
blood volum e (-7.05% to -.75%) and plasma volum e (-9.63 to +1.64%) (p< 
.001). The researchers concluded that the initial form of exercise (cycling or 
running ) caused greater shifts in  blood volum e and body weight than the 
second exercise and that w hen changes were expressed in hourly rates that 
running caused slightly greater changes than  cycling.
R unning Economy and Variables W hich Affect It:
In an attem pt to study the relationship of mechanical and physiological 
energy estimates W illiams (1984) looked at the influence of biomechanics on  
energy expenditure during walking, running and cycling. Factors such as 
concentric and eccentric m uscular contractions, transfer of energy, elastic 
storage, and reuse of energy, and lim itations in joint range of m otion were all 
cited as influencing mechanical power. Anthropom etric factors w hich 
influence the previous are stride length, stride frequency, changes in vertical 
position, linear and angular displacements, velocities and accelerations of 
body segments and forces in  jo in ts or muscles. The lack of definitive 
inform ation regarding the relationship between mechanical and
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physiological energy changes was cited as a lim iting factor in determ ining the 
accuracy and usefulness or these m easures.
The effect of stride length variation on oxygen uptake in running was 
investigated by Cavanagh and W illiams (1982). Ten recreational runners 
were allowed to freely choose stride length and tested during choice stride 
length running  and at ±20%. Variations from choice stride length caused 
m ean increases of oxygen consum ption of .2 m L /kg/m in . The relatively 
efficient patterns of stride length determ ined by the runners indicate either an 
adaptation to the optim al stride length or a successful process of energy 
optim ization.
Cavanagh and Kram (1984) studied the effect of mechanical and m uscular 
factors influencing efficiency of m ovem ent. Structural factors between 
individuals such as distribution of mass among limb segments and distance 
of the insertions of key muscles from joint centers were cited as two m ajor 
factors. In cycling, biomechanical factors such as seat height, which affects leg 
extension, has been show n to alter submaximal oxygen consumption. During 
running  at a constant speed, lengthening and shortening optimal stride 
length has yielded sim ilar variations in submaximal oxygen consumption. 
Optimal stride length is also dependent on running speed and lengthens as 
the pace increases. The elastic storage properties of muscle have also been 
show n to effect muscle efficiency.
Chapter Three: M ethodology
Setting
All physiologically tests and m easurem ents for cycle ergometry and treadm ill 
running  were conducted at the University of M ontana's H um an  
Performance/ Exercise Science Laboratory, McGill Hall, Room 121.
Subjects
A group of 6 males served as the subjects for this investigation. The sam ple 
was comprised of trained, am ateur triathletes (age 25.2±3.1 years) w ith a 
m inim um  3 years of triathlon experience. All subjects volunteered 
participation in  this study and completed a University of Montana IRB- 
approved inform ed consent form prior to data collection.
Height, W eight and Age
Data was gathered to determ ine each subjects height, weight and age prior to 
all exercise testing. Height (cm) was m easured using a convential stadiom eter 
and weight (kg) was m easured w ith a calibrated, digital scale (Toledo Model 
8139, W orthington, OH). The weight m easurem ents for all tests were 
conducted on the same scale.
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TABLE 3.1 Order of Exercise Testing
1. Sign consent form
2. Body Density (Hydrostatic W eighing), height and weight
3. Test for VOj max (run)
4. Test for VOg max (cycle)
5. Test for Lactate Threshold (run)(venous sampling with indwelling
catheter)
6. Test for Lactate Threshold (cycle)(venous sampling with indwelling 
catheter)
7. Transition Economy Test (venous sampling with indwelling catheter)
8. Run Economy Test (venous sampling with indwelling catheter)
9- Transition Efficiency Economy Test
Body Density/ Percentage of Body Fat
Body density was determ ined using a hydrostatic weighing technique. Each 
subject's height (cm) and dry weight (kg), water tem perature (celcius) and the 
tare weight of the seat and belt (kg) were m easured prior to each test. The 
subject's were instructed on the proper technique of under water weighing 
prior to each trial. A lthough the num ber of trials was not consistent between 
subjects, at least three m easures w ithin  lOOg were obtained for each subject. 
Residual lung volum e was estimated by form ula (Boren et al., 1966). Body 
density was converted to percentage of body fat using a age/gender sprecific 
form ula (Lohm an, 1992).
Exercise Testing
All metabolic testing was conducted using a TEEM 100 (Aerosport Inc., A n n  
Arbor, Ml) metabolic system for the m easurem ent and analysis of expired air 
samples. The TEEM 100 was equipped w ith a high flow (50-200 L-min) 
pneum otach and was calibrated, prior to each test w ith certified gases of
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know n concentration. Volume calibration was performed using a 3.0 liter 
syringe adhering to the m anufacturers standard procedures (AeroSport 
Operators M anual, 1993). Heart Rate was m onitored using a telemetry chest 
strap heart rate m onitor (Polar, Port W ashington, NY). All running tests 
were conducted on a m otorized treadm ill (Quinton Q65, Seattle, WA). All 
cycling tests were perform ed on a Schwinn Velodyne Cycle Ergometer 
(Frontier Technology, Inc., Irvine, CA), w ith subjects using their own racing 
bicycles.
Subjects were asked to m aintain norm al training habits, refrain from  
consum ing food w ithin  4 hours of each test (with the exception of one 
Powerbar 60 m inutes prior to each test) and refrain from exercise w ithin 12 
hours of all tests. There was a m inim um  of 72 hours between each subjects 
tests.
Peak VOj Testing
The VOg max running  test protocol consisted of three initial stages, 5 
m inutes in  duration  at 0% grade (9.05±.51, 9.78±.59, 10.67±.71). A t m inute 15 
the intensity was progressively increased by 2% grade every m inute un til 
volitional exhaustion. Peak VOj was recorded as the average of at least two 
recorded values (20 second intervals).
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The Peak VOj cycle ergom eter test protocol consisted of three stages (100, 200 
and 300 watts), each 5 m inutes in  length. At m inute 15, the workload was 
increased by 25 watts every m inute until volitional exhaustion. VOj peak was 
determ ined by averaging at least two recorded values (20 second intervals).
Lactate Threshold Testing
The lactate threshold running  test protocol consisted of one m inute stages 
beginning at 6.0 m ph and increased by .5 m ph each stage until volitional 
exhaustion. The lactate cycling threshold test protocol consisted of one 
m inute stages initiating at 100 watts and increasing by 25 watts each stage 
until volitional exhaustion.
Blood Sam pling
All blood samples were obtained using an indwelling venous catheter (18-20 
gauge), w ith 10 seconds rem aining in each exercise stage. A portion (500/iL) of 
each whole blood sample was immediately deproteinized in chilled 7% 
perchloric acid (1000/^1), centrifuged and refrigerated at -25 C for subsequent 
analysis. The supernatant was assayed in duplicate for lactate concentration 
using an enzymatic, spectrophotometric m ethod (Lowry 1976). Because of the 
frequency of sampling, saline was not necessary to m aintain patency. Lactate 
Threshold was determ ined as the curvilinear increase in lactate concentration 
relative to exercise intensity.
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Transtion Economy Test
The transition economy test consisted of a 40 m inute cycle (at a workload 
equivalent to 90% cycle lactate threshold), a one m inute transition period and 
a 20 m inute run  (at a speed equivalent to 90% run  lactate threshold, see Table 
3.2 and Figure 3.1 for Method of Determ ination). Data was collected for VO;, 
RER, VE and HR every 20 seconds, during the last 10 m inutes of the cycling 
portion, continuously  during the transition period and for the duration of the 
run. Blood samples were obtained, from ah indwelling venous catheter, at 5 
m inute intervals during  the cycling trial and at m inutes 0, 2, 5,10, 15 and 20 
of the run. A continuous saline (.45 normal) drip was used to m ain tain  
catheter patency. However, no subject recieved more than 200mL of saline 
during the testing. Each subject had their weight m easured prior to, during 
the transtion and im m ediately following the test. Subject's were toweled 
dow n prior to the transtion and post-test weighings.
Run Economy Test
The run-only economy test consisted of a 20 m inute run  (at a speed 
equivalent to 90% of ru n  lactate threshold @ 0% grade). Data was collected for 
VO;, RER, VE and HR at 20 second intervals for the duration of the test. 
Blood samples were obtained for lactate at m inutes 0,2, 5, 10, 15 and 20 of the 
run, using the same m ethods as the transition trial. Each subject had their 
weight m easured prior to and imm ediately following the test. Subject's were 
toweled dow n prior to post-test weighing.
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Table 3.2 M ethodology for D eterm ination of 90% LT W orkloads
1) Determine Slope of VOj from Max test ( y = 8.917x - 35.191)
2) Using LT test determine velocity @ LT ( 10.5 mph)
3) Substitute velocity into y=mx+b equation ( 8.917(10.5) - 35.191= 58.4
m l/k g /m in  @ LT)
4) VO; @ 90% LT ( 58.4 • .90 = 52.6 m l/k g /m in  )
5) Velocity @ 90% LT ( 8.917x + 35.191 = 52.6) = 9.8 m p h
69 n
y = 8.917x-35.191
66  —
6 3 -
60 —
_
M 5 4 -g
5 1 -
4 8 -
45
o
Speed ( m/s)
Figure 3.1 Example of VO; Slope Graph
Transition Efficiency Test
The Transition Efficiency Test consisted of a 40 m inute cycle ergometry test at 
90% lactate threshold, a one m inute transition period and three five m inu te  
stages at equivalent velocities as the VO; max testing. Data was recorded 
every 20 seconds for the values of VO; (L /m in  and m l/kg /m in ), RER, VE,
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energy expenditure and fat and carbohydrate utilization (g/m in). The ru n  
protocol consisted of three steady state stages, each 5 m inutes in length 
(9.05±.53, 9.78±.59,10.67±.71 m ph).
Research Design and Statistical Procedures
This study analyzed all dependent variables using a series of a priori planned 
m eans comparisons for the data listed in  table 3.3.
Table 3.3 O utline of a priori p lanned comparisons:
Variable of Interest
1. Descriptives - VO^ max and VOj @ LT(percent VO^ max) between cycling
and running  p<0.05 for these com parisons
2. R unning Efficiency - slope of VO^ - three running speeds
run-only (from VO; test data) vs. transition (economy trial), p<0.05 
for these com parisons
3. R unning Economy - comparisons at time points 2, 5, 10,15 and 20 m inutes
for the variables of VO;, RER, Vg, HR and La .
Run Economy vs. Transition Economy trial, p<0.04 for these 
comparisons. Because the desired num ber of comparisons (5) exceeds 
the degrees of freedom associated w ith this variable (4), the following 
adjustm ent is necessary to m aintain the experiment wise error rate at 
0.05 - (0.05 x 4 )/5  = 0.04.
4. Cycle-Run Transition (Transition Economy Trial)- comparison of La', RER,
Vg, HR and VO;
m ean of 35 and 40 m inute cycle vs. m ean of 2 and 5 m inute ru n  
m ean of 35 and 40 m inute cycle vs. m ean of 10,15 and 20 m inute ru n  
m inutes 5,10,15 and 20 run  vs. m inute 2 ru n  
p<0.05 for these com parisons
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CHAPTER 4: RESULTS
Descriptive data for the subjects is recorded on Table 4.1. Significant 
differences (p< 0.05) were found between cycling and running for VO^ 
(L/m in) and m axim um  heart rate.
Table 4.1 Descriptive Data of Subjects (M eant SD)
Run Cycle
Age 25.2 ± 3.1
Height (cm) 183.3 ±6.2
W eight (kg) 76.0 ± 6.8
Percent Body Fat 9.8 ± 3.5
Peak VO; (l/m in) 5.46±.30 * 5.19±.48
Peak VOj (mL/ k g / min) 71.9+1.8 68.3+3.7
Percent Peak VO; at LT 76.0+8.9 75.0+8.8
Maximum Heart Rate 190+5.4 * 183.2+6.2
W orkload @ LT 4.53+1.3 m /s  295.8+18.8 watts
* = significant difference (p<0.05) between cycling and running
The running efficiency trials showed no significant difference in the slope of 
running economies between the ru n  only and post-cycling trials (see Figure 
4.1). There was a significant difference (p< 0.05) in economy at the 15 m inu te  
time point but not at 5 or 10 m inutes.
During the running economy tests the transition run  (TR) showed 
significantly higher (p<0.05) results than the run-only (RO) trial for the 
variables of HR (see Figure 4.2) and VO; (L /m in) (see Figure 4.3) at all tim e 
points (2, 5, 10, 15, and 20 minutes). RER was significantly lower (p<0.05) at
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all time points for the TR (see Figure 4.4). Vg was significantly higher in the 
TR at time points 2, 5 and 10 m inutes (p<0.05) but was not significantly 
different at 15 and 20 m inutes (see Figure 4.5). Blood lactate levels were 
significantly higher (p<0.05) for the TR at all time points but m inute 20, 
where there was no significant difference (see Figure 4.6).
During the transition economy trial significant differences (p < 0.05) in weight 
loss occurred between 35 and 40 minutes of cycling and 10,15 and 20 minutes 
of running and between 2 and 5 minutes and 10, 15 and 20 minutes of the 
run. No significant differences occurred in the run  economy trial.
Table 4.2 Changes in  Body W eight D uring Run Economy and Transition 
Economy Trials
Mean ± S.D. % Change from
Run Economy Trial Pre-Weight
Pre 76.3 ± 7.0
Post 75.8 ± 6.7 .65
Transition Economy Trial
Pre 76.5 ± 7.0
Post Cycle (40 min) 76.0 ± 6.9 * .65
Post Run (61 min) 75.3 ± 6.9 * t  1.57
* = significant difference p< 0.05 vs. Pre 
f  = significant difference p<0.05 vs. Post Cycle
There were no significant differences during the transition economy trial for 
the variables of FIR, Ve, La and VO^ (L/min) (see Table 4.3) for the
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comparisons of 35 and 40 m inute cycling v. 2 and 5 m inute run, 35 and 40 
m inute cycling v. 10,15 and 20 m inute run  and 2 and 5 m inute v. 10, 15 and 
20 m inute run. However, RER dropped significantly between the 35 and 40 
m inute cycling v. 10,15 and 20 m inute run  (p< 0.05) and the 2 and 5 m in u te  
run  V . 10,15 and 20 m inute runs (p< 0.05).
Table 4.3 Comparison of Cycle v. Run during the Transition Economy Trial
Variable__________35,40 cycle________ 2, 5 run___________10,15,20 run
H eart Rate (bpm) 152.7+10.8 154.8+9.0 156.8+11.4
VO; (L /m in) 3.65+.30 3.90+.39 3.92±.41
RER .92+.03 .91+.04 .88+.03*t
V e (L /m in) 70.6+10.5 74.9+7.5 72.3+8.3
La (mMol) 2.1+.5 2.4+.6 2.1+1.2
* = significant difference p< 0.05 from 35 and 40 minute cycle 
+ -  significant difference p<0.05 from 2 and 5 m inute run
Table 4.4 Changes in  total carbohydrate and lip id  oxidation during Run 
Economy and Transition Economy exercise trials.
Total Substrate Oxidation (mean+SD)
40 m in Cycle portion 20 m in Run portion
Exercise Trial CHO (g) Lipid (g) CHO (g) Lipid
(g)
Run Only 70.1+17.8 7.5+4.2
Post Transition 134.6+15.7 19.7+7.4 59.9+12.9 14.3+4.1*
* p<0.05 vs. run  only values
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R u n  O n ly  E f f ic ie n c y /E c o n o m y
P o s t  T r a n s it io n  E ff ic ie n c y /E c o n o m y
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Figure 4.1 Slope of running efficiency
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Figure 4.2 H eart rates (BPM) during run  economy trials (* p<0.05)
25
4 .4 -1
4 .2 -
C
d
3 .8 -§
}
I
3 .6  -
3 .4 -
3 .2 -
3 - O Post Transition 
■ Run Only
2 .8
2 5 10 15 20
Exercise Time (m inute)
Figure 4.3 Oxygen consumption (L/m in) during run economy trials (* p<0.05)
.9 8 -
.9 6 -
. 9 4 -
W .9 2 -  K
.8 8 -
O P o st T ransition  
■  R un O n ly
.86 .
.84
2 5 10 1 5 20
E xercise T im e (m inutes)
Figure 4.4 RER during run economy trials (* p<0.05)
26
85-,
C* 8 0 -
1
S 6 5  -  
>
.5  6 0 -
s o  P ost T ransition  
■  Run O nly
55
10 15 2052
Exercise T im e (m inutes)
Figure 4.5 M inute ventilation (L/ min) during run economy trials (* p<0.05)
4  -I
O P ost Transition  
■  Run O nly3 3  -
2 3  -
£«
1 3
0
cycle  (90% LT) ru n  (90% LT)
2D35 5 10 1540 0 2
Exercise Tim e (minutes)
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Chapter Five: D iscussion and Conclusions
Descriptives
Peak VOg (L/m in. & m L /kg /m in .) of the subjects of the present study for 
cycling and running  were higher than values reported for other 
investigations (Khort et. al, 1987, Khort et al., 1989, O'Toole et al., 1989, Loftin 
et al., 1988, Kreider et al., 1988). One study reported subjects w ith higher 
relative VO; (m L /kg/m in) however, absolute VO; (L /m in) was similar to the 
present investigation. The subjects of our study were taller and heavier 
(Khort et al., 1987, Loftin et al., 1988, Long et al., 1990) and possessed lower 
percentages of body fat (Loftin et al., 1988). The fractional utilization of peak 
VO; at lactate threshold was very sim ilar for our subjects for cycling and 
running, indicating sim ilar levels of training in  both disciplines (run 76.0 ± 
8.9% and cycle 75.0 ± 8.8 % of peak VO;).
R unning Efficiency Trials
The similarity in  slopes of oxygen consum ption during the three stage 
efficiency trial may be due to the ability of athletes to recover during the first 
five m inute stage of running. The velocities at 0-5 m inutes (9.05 mph) were 
lower than running  velocities at threshold (10.7 mph) and at 90% threshold 
(9.38 mph). This w ould provide subjects the opportunity to norm alize lactate 
and blood pH. This is evidenced by a significant drop in m inute ventilation 
during m inutes 6-10 and 11-15. It would be expected that if lactate values and
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blood pH  were not norm alized that subjects may be required to recruit a 
greater muscle mass, thus increasing oxygen consum ption.
R unning Economy Trials 
Oxygen C onsum ption
There were significant increases in  oxygen consum ption at all time points 
during the transition run  as compared to the run-only trial. Metabolic factors 
of substrate utilization (Guezennec et al., 1996, Kreider et al., 1988), increases 
in  core tem perature (Thomas et al., 1995, Daniels, 1985) and m echanical 
factors of efficiency (Kreider et al., 1988, W illiams et al., 1985, Cavanagh et al., 
1982, Daniels, 1985, Thom as et al., 1995) ail may be related to these changes.
One of the factors befieved to be an im portant adaptation to triathlon training 
is the ability of the body to im prove the redirection of blood flow to active 
muscle and the ability of the nervous system to activate the appropriate 
muscles for the specific event being perform ed (O'Toole and Douglas, 1995). 
Research has show n that mechanical factors, such as running at a less than  
optim al stride length or rate, may result in elevated oxygen consum ption 
(Cavanagh et al. 1982, W illiams et al., 1985, Thomas, 1995). The change in  
muscle recruitm ent patterns w hen transitioning from cycling to runn ing  
may result in variations of stride length or frequency and a subsequent 
increase in  VO^. The changes in  VO; relative to running velocity do not
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indicate which portion of VOj is a function of altered running mechanics or 
variations in energy m etabolism (Daniels, 1985).
Substrate U tilization
There was a significant decrease in  RER during the post transition which may 
be partly explained by an increase in  the oxidation of hpids see Table 4.4. This 
rise in  lipid oxidation is matched by a subsequent rise in oxygen consum ption 
(Guezennec et al., 1996). It has been hypothesized that the success of a 
triathlete is less determ ined by total energy expenditure than by the energy 
expenditure at a give workload or intensity (O'Toole and Douglas, 1995). 
Results of this study show a progressive decrease in RER and a steady drop in  
carbohydrate oxidation (g/m in) during the post-transition run  trial (see Table 
4.4). The decrease in  carbohydrate utilization and subsequent increase in  
lipid oxidation is likely the result of carbohydrate depletion during 40 
m inutes of cycling at 90% LT prior to the post-transition run .
Blood Lactate
The ability to sustain a high workrate for an extended period of time is closely 
related to an  individuals' ability to perform  at a high percentage of VOg max 
w ith a m inim al accum ulation of blood lactate (Costill et al., 1973). The 
highest intensity an athlete may sustain during an endurance event, such as a 
triathlon, is thought to be just below the lactate threshold (O'Toole and
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Douglas, 1995). The results of the present study showed that blood lactate 
values were significantly higher during  the first 15 m inutes of the post­
transition run  but returned to RO levels by 20 minutes. These results are in  
agreem ent w ith a recent study (Guezennec et al., 1996) but provide a m ore 
detailed description of La accumulation. Guezennec et al. (1996) obtained 
samples prior to and imm ediately following a 10km run, which was 
perform ed at a intensity self-selected by the subjects.
The initial elevation of blood lactate in the post-transition run  can be 
explained in part by the elevated La resulting from 40 m inutes of cycling at 
90% LT. A n analysis of the slope of lactate concentration from zero to five 
m inutes of running  in  both trials dem onstrated that there were no significant 
differences in the rate of blood lactate accumulation. These data indicate that 
there does not appear to be an increased reliance on fast-twitch glycolytic 
fibers in the FT ru n  or an increase in overall muscle recruitment. Therefore, 
the discomforts associated w ith the transition from cycling to running are 
hkely to be caused ty  an im paired ability to normalize blood pH  as opposed to 
an alteration in  muscle fiber recruitm ent patterns.
Heart Rate
One of the m ajor factors associated w ith triathlon performance, cited in  
O'Toole and Douglas' (1995) review of the physiology of triathlon, is the 
m aintenance of body fluids during extended endurance events. A decrease in
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blood plasma volum e is associated w ith a decreased stroke volume. This is 
accompanied by an increase in  heart rate, in order to sustain cardiac output 
and m aintain exercise intensity (Kreider et al., 1988, Wells et al., 1987, Long et 
al., 1990). Subjects in  this investigation exhibited a gradual increase in HR 
throughout both running  trials. However the HR during the FT run  was 
significantly higher (p<0.05) at all time points compared to the RO trial. 
Significant weight loss occurred between the cychng and running portions of 
the post-transition ru n  test (see table 4.2), however, there were m in im al 
changes in total body weight as a result of the run-only trial. According to 
Sawka et al. (1992) a loss of as little as 1% body weight may result in decreased 
blood plasma volume, elevated core tem perature and decreases in  
subm axim al aerobic power. Therefore the elevated HR during the FT trial 
was most likely due to an overall decrease in  blood plasma volum e.
V entila tion
The results for Ve were in opposition to a study where ventilation was 
initially lower (1st 6 of 25 stages of a post-transition 10km run) and rose above 
run-only levels for the rem ainder of the test (Guezennec et al., 1996). 
However Guezennec et .al (1996) allowed their subjects to self-select 10km 
pace, which helps explain the gradual increase in Vg. Ventilatory responses of 
the present study show sim ilar responses to changes in blood lactate. The 
drop in  ventilation is likely to be m ediated by the decrease in  blood lactate 
and VCOj, which would indicate a norm alization in muscle and blood pH.
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Cycling versus R unning during Economy Trials
The m inim al differences observed in physiological variables of VOg, Vg, HR 
and La during cycling and running  may be in part due to the similar abilities 
in each discipline (see Table 4.1). Results of this study show that there was no 
significant difference in peak VO; between cycling and running (68.3±3.7 v. 
71.9±1.8). These subjects also possessed sim ilar values at lactate threshold 
(75.0±3.7% V . 76.0±8.9% of VOg max). RER did show a significant decline 
(p<0.05) in  response to the transition. However, this can be attributed to the 
significant (p<0.05) decrease in carbohydrate oxidation (g/m in) and a 
significant increase (p<0.05) in energy expenditure during the run  economy 
trial (see Table 4.4).
Conclusions
The results of this study indicate that there are significant physiological 
differences which occur in  trained male triathletes in response to post-cycle 
running. Compared to running alone, cycling prior to running elevated 
blood lactate and reduced availability and oxidation of carbohydrates, and 
resulted in  an increased reliance on lipid oxidation. A lthough they were not 
measured, these results suggest that running economy may also be altered by 
increases in core tem perature and subtle changes in running mechanics.
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Subjects in  this study showed an ability to effectively normalize blood lactate 
and ventilation to run-only levels after cycling. The experience and volum e 
of training of these athletes may have contributed to neurological adaptations 
which allow them  to perform  effectively w ithout a pronounced increase in  
muscle recruitm ent patterns or an increased reliance on fast-twitch glycolytic 
fibers. These adaptations would allow athletes to m aintain a relatively high 
exercise intensity for a longer duration during competition. W ith the 
addition of adequate fluid and carbohydrate ingestion during the cycling 
portion of a triathlon, these athletes may be able to achieve runn ing  
performance times comparable to times performed in  run-only events. It is 
apparent from these data that triathlon training regiments should include 
cycle-run transition practice periods im prove post-transition runn ing  
economy.
Topics for Further Research
While this investigation has provided im portant information regarding 
triathlon physiology, it has also proposed questions for further investigation. 
It would be useful to study untrained and recreational triathletes to 
determ ine w hether FT running responses are training specific. Factors such 
as training volume, race experience or the inclusion of transition-specific 
workouts may be associated w ith improved FT economy. It may also be 
valuable to investigate whether specifically training for the transition would 
appreciably affect overall running or triathlon performance.
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While this investigation looked at athletes competing at an intensity of 90% 
LT for one hour, it may be informative to see what effect performing at 100% 
LT or higher may have. Exercising for a longer duration at 90% LT would 
also provide additional data relative to longer events. The inclusion of 
swimming prior to cycling may also have an increased effect on body fluid 
and carbohydrate depletion. Allowing subjects the opportunity to replace 
fluid and carbohydrate losses may alter heart rate, RER and carbohydrate 
oxidation.
In conclusion, triathlon should be treated as an one, single event rather that 
three distinct and separate events. As more is learned about this sport and 
the effects of cycle to run  and swim to cycle transitions are better understood, 
training specificity may be im proved and a subsequent improvement in race 
results w ould be expected.
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determine maximal oxygen consumption, 4) a cycle ergometry test to determine maximal oxygen consumption, 5) a 
treadmill test to determine your lactate (anaerobic) threshold while running, 6) a cycle ergometry test to determine 
your lactate (anaerobic) threshold while cycling, 7) a 40 minute cycle - 1 minute transition - 20 min nm submaximal 
test, 8) a 20 minute run submaximal test and 9) a 40 minute cycle - 1 minute transition - 15 minute submaximal run.
Following the collection of descriptive data 1 will schedule a underwater weighing test. The underwater weighing 
test procedure will involve sitting in a large tank of water and being weighed while completely submeiged with a 11 
the air exhaled from my lungs. The procedure will take approximately a half-hour.
The maximal oxygen consumption tests for running and cycling will require me to work at increasing speed, resistance 
or grade until exhaustion. The test will require that 1 breath into a mouthpiece to monitor gas exchange. Each test 
will take about 30 minutes.
The lactate threshold tests for cycling and running will require me to work at increasing speed, resistance or grade 
until near exhaustion. These tests will require that 1 have a venous catheter inserted in my arm and remain there for 
the duration of each test. Each test will require approximately one hour. Blood samples will be obtained every 
minute (approximately 1/2 teaspoon each, total estimate 5-6 tsp).
The 40 minute cycle - 1 min transition - 20 min nm will require me to perform at 95% of my lactate (anaerobic) 
threshold, during each mode of exercise. 1 will be required to have a venous catheter in my arm for the duration of 
the test and will have a mouthpiece in from the 30 minute point in the cycle to the completion of the test. Blood 
samples ( approx. 1/2 tsp.) will be taken at minutes 0,10,20, 30, 35 and 40 of the cycle and at minutes 0, 2, 5, 10, 15, 
and 20 of the nm (approx. total 5 tsp.). This trial will take approximately 11/2 hours.
The 20 minute nm trial will require me to perform at 95% of my lactate threshold for the duration of the exercise. 1 
will be required to have, a venous catheter in my arm and a mouthpiece in for the duration of the test. Blood samples 
(approx. 1/2 tsp.) will be taken at minutes 0, 2, 5, 10, 15, and 20 (approx. total 3 tsp.). This test will require 
approximately 45 minutes.
The 40 minute cycle - 1 min transition - 15 min nm will require me to perform at 95% of my lactate (anaerobic) 
threshold on the bike and at an incremental submaximal workload on the run. I will have a mouthpiece in from the 
30 minute point in the cycle to the completion of the test. This trial will take approximately 11/2 hours.
I will not exercise during the 12 hours prior to any test and will not craisume any food for six hours prior to each test 
with the exception of a Powerbar, one hour prior to each testing session (with the exception of body density testing).
I will report to the Human Performance Laboratory in roan #121 in McGill Hall for all of my testing.
It is expected that I have minimal discomfort as a result of my participation in this study. The maximal, graded 
running and cycling tests have certain risks associated with it including loss of consciousness and stroke (0.05% of the 
time), heart attack and death (0.005% of the time), or musculoskeletal injury or muscle soreness. Blood sampling can 
sometimes be associated with bruising (10%), infection (<1%), and clotting problems (<1%). These risks will be 
minimalized by the use of sterile procedures and trained technicians.
All exercise and blood sampling will be supervised and conducted by John Hartpence, a graduate student in Health 
and Human Performance and Brent Ruby, Ph.D. an exercise physiologist and trained phlebotomist. Any further 
questions can be addressed to John Hartpence (549-8431 home - 243-4780 Human Performance Lab) or Brent Ruby (243- 
2117 Human Performance Lab - 542-2513 home).
" In the event that you are injured as a result of this research you should seek appropriate medical treatment. If the 
injury is caused by the negligence of the University of Montana or any of its employees, you may be entitled to 
reimbursement or compensation pursuant to the Comprehensive State Insurance Plan established by the Department 
of Administration under the authority of M.C.A., Title 2, Chapter 9. In the event of a claim for such injury, further 
information may be obtained from the University's Claims Representative or University Legal Counsel."
1 have read the above statements and understand the risks involved with this study. 1 authorize John Hartpence 
and Brent Ruby and such assistants that they may designate, to administer and conduct the testing as safely as 
possible with a minimal amount of discomfort. 1 teow that 1 can withdraw from the testing at any time without 
penalty .
Participant Signature___________ _̂___________________ Date__________
Investigator Signature__  ________________________ Date__________
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Transition #1 Data Sheet
N am e _____________________  Height (cm) ____________
Weight (kg) _____________________  Pb(mmHg) ____________
Weight (lbs) _____________________
Wet Bulb (°C) _____________________
Dry Bulb CC) _____________________
A Dry -W e t _____________________
Relative H um idity (from nom ogram  (%)
W heel W t (g) ____________
Tire Pressure (psi) ____________
Pneum otac
V olum e Calibration Test Actual (L) M easured (L)
Low___________________________________ _________
M edium _____________________ _________ _________
H igh_________________________ _________ _________
Heart Rates
5:00
10:00
15:00
20:00
25:00
30:00
35:00
40:00
0:00
2:00
5:00
10:00
15:00
20:00
Summary Data
Cycle W orkload 
Run W orkload 
Saline Use 
Post-Cycle W gt 
Post-Run W gt
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Run LT Data Sheet
Nam e
Weight (kg)
Weight (lbs)
Wet Bulb C O  
Dry Bulb ("(:) 
A D ry- W et
Height (cm) 
Pb (mmHg)
Relative H um idity (from nom ogram  (%)
V olum e Calibration Test 
Low
M edium
H igh
Speed (m ph)
6
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5 
11.0
11.5 
12.0
12.5
13.0
13.5
14.0
14.5
Actual (L) M easured (L)
Heart Rates V 02  (L/m in)
Summary Data
VOgpeak (L /m in)
VOg peak (m l/ k g / min) 
Max HR (b/m in) 
m ean max RER 
Test T im e
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Cycle VO2 Max Data Sheet
Nam e
Weight (kg)
Weight (lbs)
Wet Bulb ("(:) 
Dry Bulb ("C) 
A D ry -W et
Height (cm) 
Pb (mmHg)
Relative H um idity (from nom ogram  (%)
W heel W t (g)
Tire Pressure (psi) 
Pneum otac
V olum e Calibration Test 
Low
M edium
H igh
M ean Stage VO^ (L /m in)
#1 (100 watts) _____
#1 (200 watts) _____
#1 (300 watts) _____
Actual (L) M easured (L)
Heart Rates
lOOwatts
ZOOwatts
300watts
3:00
4:00
5:00
3:00
4:00
5:00
3:00
4:00
5:00
VO; max (L /m in)
VO2 max (m l/kg /m in ) 
Max HR (b / min) 
m ean max RER 
Max W orkload (watts) 
Test T im e
Summary Data
325
350
375
400
425
450
475
500
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ABSTRACT
The purpose of this study was to examine the physiologic differences in  
running  economy between a post-cyde transition run  (FT) and a run-only 
(RO) trial in  6 trained triathletes. Subjects were tested for peak VO; and 
lactate threshold (LT) during treadm ill running  and cyde ergometry (peak 
VO; run=71.89±1.80; cycle=68.30i3.69 m L /kg /m in ). Testing included a 20 
m in. run-only trial and a 40 m in. cycle, 1 m in. transition, 20 min. run  tria l 
performed at 90%LT. VO; (L /m in) was significantly higher (p<0.05) at all 
time points during  the FT run. Blood La levels were significantly higher 
during  the first 15 m inutes (p<0.05) but returned to RO levels by m inute 20. 
HR and kC al/m in  were significantly higher (p<0.05) at all time points during  
the FT trial. RER was significantly lower at all time points (p<0.05) in  the FT 
trial. Carbohydrate oxidation (g / min) during FT was not significantly 
different at m inute 2 but was significantly lower (p< 0.05) at m inutes 5,10,15 
and 20 compared to the RO trial. These results indicate that post-transition 
running  economy is likely affeded by a combination of variables. These 
include but may not be lim ited to 1) fluid loss and a possible decrease in  
plasma volum e, 2) elevated core tem perature and increased active muscle, 3) 
differential substrate selection.
K eyw ords: oxidation, O;, transition, lactate threshold, economy
Introduction
Compared to the individual sports of triathlon (swimming, cycling and 
running), lim ited research has been conducted to determ ine the physiological 
changes that occur while participating in  triathlon. W ith its in troduction 
into the 2000 Sum m er Olympics in  Sydney, Australia, the sport has increased 
in popularity and have received greater recognition. Since m any N ational 
Governing Bodies are now funded by their countries Olympic Committees 
they can now hire coaches and form  National Teams. It is now even more 
beneficial to provide coaches and athletes w ith inform ation regarding the 
unique dem ands of this sport to help im prove training specificity and 
performance. The physiological variables of running economy which are 
affected by prior cycling and how these changes may alter performance is a 
topic that has received little attention (15). This body of knowledge is 
im portant to understanding the sport and optimizing performance for age- 
group and elite level racers.
Recent studies have dem onstrated an elevated oxygen uptake (VOj), m inu te  
ventilation (Vg) and heart rate (HR) and a decrease in stroke volum e (7,10) 
w hen running  after a bout of cycling. These changes were interpreted as an 
overall decrease in running  economy and im paired running performance. 
However, past research has been lim ited in  that alterations in substrate 
u tilization and individual variations in lactate thresholds (LT) have not been
incorporated to more specifically study the triathlete. It has been suggested 
that LT may be m ore closely related to metabolic fitness than percentage of 
peak VOg (4).
The purpose of this investigation was to determ ine select physiological 
changes which occur in  trained, male triathletes resulting from the transition 
from cycling to running  during a sim ulated short-course race. These data will 
extend prior research related to the bike-run transition and focus on any 
changes in  running  economy that may result from variations in fuel 
selection resulting from the transition.
M ethods
Subjects
Highly trained, male triathletes (n=6) served as the subjects for this 
investigation. All subjects were am ateur triathletes (mean age 25.2 ± 3.1 years) 
reporting a m inim um  3 years of triathlon training and racing experience. All 
subjects volunteered to participate in  this study and completed a University 
IRB-approved inform ed consent form prior to all testing.
Protocol
Height (cm) weight (kg) age and body fat percentage (hydrostatic weighing) 
were m easured for each subject. Percent body fat was performed using
hydrostatic weighing at an estimated residual lung volum e (1). Body density 
was converted to percent body fat using the age specific equations developed 
by Lohman (12). Subjects then completed the following tests, in order; Peak 
VO2 treadmill. Peak VOg cycle ergometer, LT-treadmill, LT-cycle ergometer, a 
40 m inute cyde-20 m inute run  trial and a 20 m inute run-only  trial.
Subjects were asked to m aintain norm al training habits, fast the 4 hours prior 
to each test (with the exception of one Powerbar 60 m inutes prior to each test) 
and refrain from exercise w ithin  12 hours of all tests.
All metabolic testing was conducted using a TEEM 100 (Aerosport Inc., A n n  
Arbor, MI) metabolic system for the m easurem ent and analysis of expired air 
samples. The TEEM 100 was equipped w ith a high flow (50-200 L-min) 
pneum otach and was calibrated, prior to each test w ith certified gases of 
know n concentration. Volume calibration was performed using a 3.0 liter 
syringe adhering to the m anufacturers standard procedures (AeroSport 
Operators M anual, 1993). Heart Rate was m onitored using a telemetry chest 
strap heart rate m onitor (Polar, Port W ashington, NY). All running tests 
were conducted on a motorized treadm ill (Quinton Q65, Seattle, WA). All 
cycling tests were performed on a Schwinn Velodyne Cycle Ergometer 
(Frontier Technology, Inc., Irvine, CA), w ith subjects using their own racing 
bicycles.
The Peak VOj running  test protocol consisted of three initial stages (based on  
current 10km running  race pace), 5 m inutes in duration at 0% grade (9.05±.51, 
9.78±.59,10.67±.71). At m inute 15, the intensity was progressively increased by 
2% grade every m inute until volitional exhaustion. Peak VOj was recorded 
as the average of at least two recorded values (20 second intervals). A ll 
subjects obtained peak RER values > 1.10.
The Peak VO; cycle ergometer test protocol consisted of three stages (100, 200 
and 300 watts), each 5 m inutes in  duration. At m inute 15, the workload was 
progressively increased by 25 watts every m inute until volitional exhaustion. 
VO; peak was determ ined by averaging at least two recorded values (20 
second intervals). All subjects obtained peak RER values > 1.10.
The LT-running test protocol consisted of one m inute stages beginning at 2.68 
m /s  (6.0 m ph) and increased by .22 m /s  (.5 mph) each stage until volitional 
exhaustion. The LT-cycling test protocol consisted of one m inute stages 
initiating at 100 watts and increasing by 25 watts each stage until volitional 
exhaustion.
All blood samples were obtained using an indwelling venous catheter (18-20 
gauge), w ith 10 seconds rem aining in each exercise stage. A portion (500ffL) of
each whole blood sample was imm ediately deproteinized in chilled 7% 
perchloric acid (lOOOfd), centrifuged and stored at -25°C for subsequent 
analysis. The supernatant were assayed in  dupHcate for lactate concentration 
using an enzymatic, spectrophotometric m ethod (14). Because of the 
frequency of sampling, saline was not necessary to m aintain catheter patency. 
Lactate Threshold was determ ined as the curvilinear increase in lactate 
concentration relative to exercise intensity.
The transition exercise test consisted of a 40 m inute cycle (at a workload 
equivalent to 90% cycle LT), a one m inute transition period and a 20 m inu te  
run  (at a speed equivalent to 90% run  lactate threshold)(see Figure 1 for 
m ethod of determ ination). Data was collected for VOg, RER, Vg and HR every 
20 seconds during the last 10 m inutes of the cycling portion, continuously 
during the transition period and for the duration of the run. Blood samples 
were obtained, from  an indwelling venous catheter, at 5 m inute intervals 
during the cycling trial and at m inutes 0, 2, 5, 10, 15 and 20 of the run. A 
continuous saline drip  was used to m aintain catheter patency. However, no 
subject received m ore than 200mL of saline during the testing.
The run-only exercise test consisted of a 20 m inute run  at a speed equivalent 
to 90% of run  LT @ 0% grade. Data was collected for VOg, RER, and HR at 
20 second intervals for the duration of the test. Blood samples were obtained
for lactate at m inutes 0 ,2 ,5 ,10 ,15  and 20 of the run, using the same m ethods 
as the transition trial.
Statistical Analysis
All data were analyzed w ith a select num ber of a priori planned comparisons 
using the Super ANOVA statistical package (Berkeley, CA) for the Macintosh. 
Initial levels of significance was set at p  < 0.05 for all comparisons. However, 
w hen the desired num ber of comparisons exceeded the degrees of freedom  
associated w ith a variable, the following adjustm ent was applied to m ain tain  
the experiment-wise error rate (Desired comparisons= 5, degrees of freedom= 
4,0.05 - (0.05 X 4)/5 = 0.04).
Results
Descriptive data for all subjects are reported in Table 1. Post-transition ru n  
(TR) values for the variables of HR, kC al/m in  and VO^ (L/m in) (see Figures 
2-4) were significantly higher (p<0.05) compared to the run-only (RO) trial 
and rem ained elevated at all time points (2, 5, 10, 15, and 20 minutes). 
However, RER (see Figure 5) was significantly lower (p<0.05) at all tim e 
points for the TR as compared to the RO. Vg (see Figure 6) was significantly 
higher during the TR at time points 2, 5 and 10 m inutes but returned to RO 
levels at 15 and 20 minutes. Blood lactate (see Figure 7) was significantly 
higher for the TR at all time points except m inute 20, w hen the levels
returned to RO values. Carbohydrate oxidation (g/m in) demonstrated 
sim ilar values for both trials at m inute 2 but decreased significantly (p <0.05) 
at 5, 10, 15 and 20 m inutes during the TR. (see Figure 8). Although total 
carbohydrate oxidation for the TR run  was lower during the FT run  it was not 
significantly different from the RO trial (see Table 2). However, total 
estimated lipid oxidation was significantly higher during the FT ru n  
compared to the RO trial (see Table 2).
Discussion
Peak VO; (L /m in. & m L /kg/m in .) of the subjects of the present study for 
cycling and running  were higher than values previously reported by other 
investigations (8,9,10, 11, 16, 17). A lthough one study reported subjects w ith 
higher relative VOj (m L/kg/m in), however, absolute VOj (L/m in) was 
sim ilar to the present investigation (19). The subjects of this study were, on  
the average, taller and heavier than triathletes from previous investigations 
(9, 11, 13). The fractional utilization of peak VOj at LT was very similar for 
our subjects for cycling and running, indicating similar levels of training in  
both disciplines (run 76.0 ± 8.9% and cycle 75.0 ± 8.8 % of peak VOg).
Prior studies have suggested that an elevated VOg during the post-transition 
run  or late in exercise may be related to increased lipid oxidation (7, 10), 
increases in  core tem perature (6, 20) and mechanical factors of runn ing
efficiency (3,10,20,22).
One of the factors believed to be an im portant adaptation to triathlon training 
is the ability of the body to im prove the redirection of blood flow to active 
muscle and the abiUty of the nervous system to activate the appropriate 
muscles for the specific event being perform ed (15). Research has shown that 
mechanical factors, such as running  at a non-optim al stride length or 
frequency, may result in  elevated oxygen consum ption (3, 20, 22). If muscle 
recruitm ent patterns are affected w hen transitioning from cycling to runn ing  
variation of stride length and frequency may occur. These changes may, in  
part, contribute to a subsequent increase in  consumption. However, 
changes in  VOj, relative to running  velocity, do not indicate which portion of 
VOg is a function of altered running  mechanics or variations in energy 
m etabolism  (6).
There was a significant decrease in  RER and carbohydrate oxidation (gCHO/ 
min.) during the FT run, w ith a sim ultaneous rise in caloric expenditure 
(kCal/min.). This may in  part be explained by the increase in  total lipid 
oxidation observed during the FT run  (see Table 2). Frior research has 
suggested that elevated lipid levels during the FT run  may contribute to a rise 
in  oxygen consum ption during RO (7). A lthough the results of this study 
show a progressive decrease in RER and carbohydrate oxidation (g/m in)
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during the FT ru n  trial, energy expenditure remained elevated above RO 
values. This may in  part be explained by increased total active muscle mass. 
Regardless of the cause, running  economy was compromised FT. It has been 
hypothesized that the success of a triathlete is less determined by total energy 
expenditure but rather by the energy expenditure at a give workload or 
intensity (15).
The ability to sustain a high workrate for an extended period of time is closely 
related to an indiv idual's ability to perform  at a high percentage of VOg max 
w ith a m inim al accum ulation of blood lactate (5). It has been proposed that 
the fastest pace an athlete may sustain during an endurance event is thought 
to be just below the lactate threshold (15). The results of the present study 
showed that blood lactate values were significantly higher during the in itial 
15 m inutes of the FT ru n  but returned to RO levels by 20 m inutes (see Figure 
7), indicating either a shift towards increased rem oval or decreased 
production. These data are in agreem ent w ith a recent study (7) but provide a 
more detailed description of La accum ulation patterns. Guezennec et al. 
(1996) dem onstrated sim ilar La levels following a FT 10km run, but subjects 
were allowed to run  at a self-selected intensity.
The initial elevation of blood lactate during the FT run  can be explained in  
part by the elevated levels of La , accumulated during the 40 m inutes of prior
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cycling. A n analysis of the slope of lactate accumulation from 0 to 5 m inutes 
of running  dem onstrated that there were no significant difference between 
trials. Therefore, the discomforts associated w ith the transition from cycling 
to running  are likely to be caused by an im paired ability norm alize blood pH 
as opposed to an increased reliance on fast-glycolytic fiber recruitm ent
O'Toole and Douglas (15) cited the m aintenance of body fluids during 
extended endurance events as a major factor associated w ith successful 
triathlon performance. A decrease in  blood plasma volum e is associated w ith 
a decreased stroke volum e, which is accompanied by an increase in heart rate 
in  order to sustain cardiac output and m aintain exercise intensity (10,13,21).
Subjects of this investigation exhibited a gradual increase in HR throughout 
both running trials. However the HR's during the FT run  were higher than  
RO values at all tim e points (see Figure 2). Significant weight loss occurred 
during the cycling and running  portions of the FT run  test but no significant 
losses occurred during the RO trial (see Table 3). According to Sawka et al. 
(18) a loss of as little as 1% body weight may result in decreased blood plasm a 
volume, elevated core tem perature and decreases in submaximal aerobic 
power. Therefore the elevated HR's during the FT trial were most likely due 
to a gradual decrease in  plasma vo lum e as subjects refrained from fluid 
consum ption during all tests.
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The results for were in  opposition to the study by Guezennec et al. (7) 
which dem onstrated a gradual increase during the FT 10 km  run. However, 
they allowed their subjects to self-select 10km pace. Ventilatory responses of 
the present study show similar responses to changes in blood lactate (see 
Figures 6&7). The gradual decrease in ventilation may be mediated by the 
decrease in  blood lactate and VCOj, which w ould indicate a norm alization in  
muscle and blood pH.
The results of this study indicate that there are significant physiological 
differences which occur in  trained male triathletes in response to post-cycle 
running. Cycling prior to running  caused elevated blood lactate levels and 
reduced the availability and oxidation of body carbohydrate stores. Changes in  
running  mechanics and increased core tem perature may have also occurred, 
increasing the overall physiological load.
Subjects of this study showed an ability to effectively norm alize blood lactate 
levels and ventilation to run-only levels after cycling in the later portions of 
the FT run. The experience and level of training of these athletes may have 
contributed to neurological adaptations which allow them  to perform  
w ithout an increased reliance on fast-twitch glycolytic fibers. These 
adaptations w ould allow athletes to achieve a high exercise early in the ru n
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portion of a triathlon w ithout adversely affecting race performance. W ith the 
addition of adequate fluid and carbohydrate supplem entation during the 
cycling portion of a triathlon, these athletes may be able to reach RO levels of 
performance at sub-threshold intensities during training and competition.
In conclusion, triath lon should be treated as an one, single event rather that 
three distinct and separate events. As more is learned about this sport and 
the effects of cycle to run  and swim  to cycle transitions are better understood, 
training specificity may be im proved and a subsequent im provem ent in race 
results would be expected
14
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Table 1. Descriptive data for ail subjects (N=6).
Variable Mean±SD
Age 25.2±3.1 
Height (cm) 183.3±6.2 
W eight (kg) 76,0±6.8 
Percent Body Fat (%) 9.8±3.5 
Variable Treadm ill Run Cycle Ereometer
Peak VOg (I m in  ̂ ) 5.46±.30 * 5.19±.48
Peak VOg (m lkg^m in  ̂ ) 71.9±1.8 68.3±3.7
Percent Peak VOj at LT 76.0±8.9 75.0±8.8
Maximal H eart Rate (bpm) 190±5.4 * 183.2±6.2
W orkload @ LT 4.53±1.3 m /s 295.8±18.8 watts
= significant difference between exercise modes, p<0.05
Table 2. Changes in total carbohydrate and lipid oxidation during run only and
post transition exercise trials.
Total Substrate Oxidation (mean±SD)
Exercise Trial
40 m in Cycle portion 
CHO(g) Lipid (g)
20 m in Run portion 
CHO(g) Lipid (g)
Run Only 
Post Transition 134.6±15.7 19.7±7.4
70.1±17.8
59.9±12.9
7.5±4.2
14.3±4.1*
p<0.05 vs. run  only values
Table 3. Changes in total body weight (kg) and percent change from pre-exercise
body weight during the run only and post transition exercise trials.
Exercise Trial Mean±SD % Change from 
Pre-W eight
Run O nly Trial
Pre exercise 76.3 ± 7.0
Post run 75.8 ±6.7 .65
Post Transition Trial
Pre 76.5 + 7.0
Post cycle (40 min) 76.0 ± 6.9 * .65
Post run  (61 min) 75.3 ± 6.9 *,t 1.57
p<0.05 vs. pre exercise values; t  p<0.05 vs. post cycle values
Figure Legend
Figure 1. The slope of m ean VOj (m l kg  ̂m in  ̂ ) during the Peak VO; ru n  
test for subject 1. The data points represent the VOg during each 
of the first 3 stages.
Figure 2. A com parison of the Heart Rates (bpm) during run-only and 
transition-run trials (*p<0.05).
Figure 3. A comparison of the Energy Expenditure (Kcal/min) during run- 
only and transition-run trials (*p<0.05).
Figure 4. A com parison of the Oxygen Consum ption (L/m in) during run- 
only and transition-run trials (*p<0.05).
Figure 5. A com parison of the RER (VCOg/VO^) during run-only and 
transition-run trials (*p<0.05).
Figure 6. A comparison of the M inute Ventilation (L/m in) during run- 
only and transition-run trials (*p<0.05).
Figure 7. A com parison of the Blood Lactate (mMol) during run-only and 
transition-run trials (*p<0.05).
Figure 8. A com parison of the Carbohydrate Oxidation (g/ min) during 
run-only and transition-run trials (*p<0.05).
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M ethodology for Determ ination of W orkloads in Experimental Trials
1) Determine Slope of VO 2  from Max test (y = 8.917x - 35.191)
2) Using LT test determine velocity @ LT (10.5 m ph = 4.7 m /s)
3) Substitute velocity into y=mx+b equation (8.917(10.5) - 35.191 = 58.4 ml kg"^ min @ LT
4) VO2  @ 90% LT (58.4 • .90 = 52.6 ml -kg-l-min ”1)
5) Velocity @ 90% LT (8.917x + 35.191 = 52.6) = 9.8 m ph ( 4.4 m /s)
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Transition Efficiency Slopes (cycle-run v. run) 
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 32.253 6.451
TRIAL 1 7.728 7.728 5.713 .0624 .0624 .0624
TRIAL * Subject 5 6.763 1.353
Dependent: Efficiency Slope
Table o f Epsilon Factors for df A djustm ent 
D ependen t: Efficiency Slope
G-G Epsilon H-F Epsilon
TRIAL 1.000 1.000
Means Table 
E ffec t: TRIAL
D ependen t: Efficiency Slope
Count Mean Std. Dev. Std. Error
RUN only 6 7.627 2.076 .848
Trans run 6 6.022 1.869 .763
(Mean value represents the m value of the y=mx+b formula)
Oxygen Consumption (L/m in)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 8.059 1.612
Trial 1 .850 .850 4.471 .0881 .0881 .0881
Trial * Subject 5 .950 .190
Time 4 .050 .013 ,972 .4447 .4060 4284
Time * Subject 20 .258 .013
Trial * Time 4 .055 .014 1.971 .1380 .1836 .1380
Trial * Time * ... 20 .141 .007
Dependent: Run Economy l/min
Table o f  Epsilon F acto rs  fo r  d f A djustm ent 
D ependent: Run Econom y J/m in
G-G Epsilon H-F Epsilon
Trial 1.000 1.000
Time .454 .697
Trial * Time .553 1.009
Means Table
E ffect: Trial * Time
D ependent: Run Economy l/m in
Count Mean
Probabilities are not corrected for values 
of epsilon greater than 1.
Std. Dev. Std. Error
Post Transition, 2 
Post Transition, 5 
Post Transition, 10 
Post Transition, 15 
Post Transition, 20 
Run Only, 2 
Run Only, 5 
Run Only, 10 
Run Only, 15 
Run Only, 20
6 3 9 7 5 .360 .147
6 3.888 .318 .130
6 3.867 .268 .109
6 3.877 9 2 6 .133
6 3.867 .324 .132
6 3 .5 3 2 .605 .247
6 3.627 .541 9 2 1
6 3.643 .515 .210
6 3.702 .512 .209
6 3.680 .426 .174
Com parison 1 
E ffect: Trial * Time 
D ependent: Run Economy l/m in
Cell Weight
df 1
Sum of Squares .354 
Mean Square .354 
F-Value 50.297 
P-Value .0001 
G-G .0001 
H-F .0001
Com parison 2 
E ffect: Trial * Time 
D ependent: Run Economy l/min
Cell Weight
Post Transition, 2 1.000 Post Transition, 5 1.000
Run Only, 2 -1 .000 Run Only, 5 -1 .000
df 1
Sum of Squares .205 
Mean Square .205 
F-Value 29.215 
P-Value .0001 
G-G .0008 
H-F .0001
Comparison 3
Effect: Trial *  Time
Dependent: Run Economy l/m in
Cell Weight
Post Transition, 10 
Run Only, 10
df 1
Sum of Squares .1 50 
Mean Square .1 50 
F-Value 21.282 
P-Value .0002 
G-G .0023 
H-F .0002
1.000
- 1.000
Comparison 4
T f fe t t :  Trial *  Time
Dependent: Run Economy l/m in
Cell Weight
Post Transition, 1 5 
Run Only, 15
1.000
- 1.000
df 1
Sum of Squares .092
Mean Square .092
F-Value 13.067
P-Value .0017
G-G .0093
H-F .0017
Com parison 5 
E ffect: Trial * Time 
D ependent: Run Economy l/m in
Post Transition, 20 
Run Only, 20
Cell Weight
1.000
- 1.000
df 1
Sum of Squares .105 
Mean Square .105 
F-Value 14.868 
. P-Value .0010 
G-G .0066 
H-F .0010
Oxygen Consumption (m L/kg/m in)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 1236.705 247.341
TRIAL 1 268.944 268.944 10.325 .0236 .0236 .0236
TRIAL * Subject 5 130.237 26.047
TIME 4 15.711 3.928 2.937 .0463 .1213 .0999
TIME * Subject 20 26.748 1.337
TRIAL * TIME 4 5.142 1.285 .553 .6991 .5621 .6151
TRIAL * TIME *... 20 46.485 2.324
Dependent: TRIAL
Means Table 
Effect: TRIAL * TIME 
D ependen t: TRIAL
POST TRANSITION, 2 
POST TRANSITION, 5 
POST TRANSITION, 10 
POST TRANSITION, 1 5 
POST TRANSITION, 20 
RUN ONLY, 2 
RUN ONLY, 5 
RUN ONLY, 10 
RUN ONLY, 1 5 
RUN ONLY, 20
Count
Table o f Epsilon Factors for df A djustm ent 
D ependen t: TRIAL
G-G Epsilon H-F Epsilon
TRIAL 1.000 1.000
TIME .373 .495
TRIAL * TIME .410 .583
Mean Std. Dev. Std. Error
6 51.015 3.103 1.267
6 52.230 3.945 1.611
6 52.142 5.178 2.114
6 51.605 4.481 1.829
6 51.870 5.329 2.176
6 46.280 6.930 2.829
6 47.363 6.148 2.510
6 47.887 5.999 2.449
6 48.393 6.083 2.484
6 47.767 5.360 2.188
Com parison 1 
Effect: TRIAL * TIME 
D ependen t: TRIAL
POST TRANSITION, 2 
RUN ONLY, 2
df 1
Sum of Squares 67.261 
Mean Square 67.261 
F-Value 28.939 
P-Value .0001 
G-G .0025 
H-F .0007
Cell Weight
1.000
- 1.000
Com parison 2 
Effect: TRIAL * TIME 
D ependen t: TRIAL
POST TRANSITION, 5 
RUN ONLY, 5
df 1
Sum of Squares 71.053 
Mean Square 71.053 
F-Value 30.570 
P-Value .0001 
G-G .0022 
H-F .0005
Cell Weight
1.000
■ 1.000
Com parison 3 Com parison 4
Effect: TRIAL * TIME Effect: TRIAL * TIME
D ependen t: TRIAL D ependent: TRIAL
Cell Weight Cell Weight
POST TRANSITION, 10 1.000 POST TRANSITION, 1 5 1.000
RUN ONLY, 10 -1 .000 RUN ONLY, 15 -1 .000
df 1 df 1
Sum of Squares 54.315 Sum of Squares 30.944
Mean Square 54.315 Mean Square 30.944
F-Value 23.369 F-Value 13.314
P-Value .0001 P-Value .0016
G-G .0044 G-G .0152
H-F .0014 H-F .0079
Com parison 5
Effect: TRIAL * TIME
D ependen t: TRIAL
POST TRANSITION, 20 
RUN ONLY, 20
Cell Weight
1.000
- 1.000
df 1
Sum of Squares 50.512 
Mean Square 50.512 
F-Value 21.733 
P-Value .0002 
G-G .0052 
H-F .0018
M inute Ventilation (L/m in)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 4073.097 814.619
Trial 1 145.393 145.393 3.402 .1244 .1244 .1244
Trial * Subject 5 213.675 42.735
Time 4 13.762 3.440 1.083 .3916 .3834 .3916
Time * Subject 20 63.554 3.178
Trial * Time 4 108.156 27.039 5.465 .0039 .0193 .0039
Trial * Time * ... 20 98.956 4.948
Dependent: Run Economy VE
Means Table
E ffect: Trial * Time
D ependent: Run Economy VE
Count
Post Transition, 2 
Post Transition, 5 
Post Transition, 10 
Post Transition, 15 
Post Transition, 20 
Run Only, 2 
Run Only, 5 
Run Only, 10 
Run Only, 15 
Run Only, 20
Table o f Epsilon Factors for df A djustm ent 
D ependent: Run Economy VE
G-G Epsilon H-F Epsilon
Trial 1.000 1.000
Time .660 1.467
Trial * Time .567 1.061
NO ! E Probabilities are not corrected for values 
of epsilon greater than 1.
Mean Std. Dev. Std. Error
6 75.467 6.878 2.808
6 74.367 8.123 3.316
6 72.983 8.036 3.281
6 71.667 7.989 3.262
6 72.633 9.657 3.942
6 68.883 11.346 4.632
6 68.700 9.729 3.972
6 70.000 10.270 4.193
6 71.267 11.061 4.516
6 72.700 10.183 4.157
Com parison 1 
E ffect: Trial * Time 
D ependent: Run Economy VE
Cell Weight
Comparison 2 
Effect: Trial * Time 
D ependent: Run Economy VE
Cell Weight
Post Transition, 2 1.000 Post Transition, 5 1.000
Run Only, 2 -1 .000 Run Only, 5 -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
130.021
130.021 
26.278 
.0001 
.0011 
.0001
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
96.333
96.333 
19.470 
.0003 
.0029 
.0003
Comparison 3
Effect: Trial *  Time
Dependent: Run Economy VE
Post Transition, 10 
Run Only, 10
df 1
Sum of Squares 26.701
Mean Square 26.701
F-Value 5.396
P-Value .0308
G-G .0535
H-F .0308
Comparison 4
Effect: Trial *  Time
Dependent: Run Economy VE
Cell Weight
Cell Weight
Post Transition, 1 5 1.000
1.000 Run Only, 1 5 -1-000
-1 .000
df 1
Sum of Squares 480
Mean Square .480
F-Value .097
P-Value .7587
G-G .6085
H-F .7587
Com parison 5 
E ffect: Trial * Time 
D ependent: Run Economy VE
Post Transition, 20 
Run Only, 20
Cell Weight
1.000
- 1.000
df 1
Sum of Squares .013 
Mean Square .013 
F-Value .003 
P-Value .9591 
G-G .8573 
H-F .9591
Respiratory Exchange Ratio
Type III Sums of Squares 
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 .038. .008
Trial 1 .034 .034 8.221 .0351 .0351 .0351
Trial * Subject 5 .021 .004
Time 4 .006 .002 11.863 .0001 .0055 .0016
Time * Subject 20 .003 1.302E-4
Trial * Time 4 .002 4.108E-4 3.291 .0316 .0801 .0433
Trial * Time * ... 20 .002 1.248E-4
Dependent: Run Economy RER
Means Table
E ffect: Trial * Time
D ependent: Run Economy RER
Count
Post Transition, 2 
Post Transition, 5 
Post Transition, 10 
Post Transition, 1 5 
Post Transition, 20 
Run Only, 2 
Run Only, 5 
Run Only, 10 
Run Only, 1 5 
Run Only, 20
Table of Epsilon Factors for df A djustm ent 
D ependent: Run Economy RER
G-G Epsilon H-F Epsilon
Trial 1.000 1.000
Time .395 .546
Trial * Time 498 .826
Mean Std. Dev. Std. Error
6 .915 .043 .018
6 .910 .030 .012
6 .887 .033 .013
6 .882 .032 .013
6 .882 .025 .010
6 .948 .046 .019
6 .948. .038 .015
6 .948 .034 .014
6 .937 .034 .014
6 .932 .039 .016
Com parison 1 
E ffect: Trial * Time 
D ependent: Run Economy RER
Cell Weight
Comparison 2 
E ffect: Trial * Time 
D ependent: Run Economy RER
Cell Weight
Post Transition, 2 1.000 Post Transition, 5 1.000
Run Only, 2 -1 .000 Run Only, 5 -1 .000
df 1 df 1
Sum of Squares .003 Sum of Squares .004
Mean Square .003 Mean Square .004
F-Value 26.702 F-Value 35.314
P-Value .0001 P-Value .0001
G-G .0017 G-G .0007
H-F .0002 H-F .0001
Comparison 3
Effect: Trial *  Time
Dependent: Run Economy RER
Cell Weight
Comparison 6
Effect: Trial *  Time
Dependent: Run Economy RER
Cell Weight
Post Transition, 10 1.000 Post Transition, 1 5 1.000
Run Only, 10 -1 .000 Run Only, 1 5 -1 .000
df 1 df 1
Sum of Squares .011 Sum of Squares .009
Mean Square .011 Mean Square .009
F-Value 91.389 F-Value 72.697
P-Value .0001 P-Value .0001
G-G .0001 G-G .0001
H-F ,0001 H-F .0001
Com parison 7
E ffect: Trial * Time
D ependent: Run Economy RER
Cell Weight
Post Transition, 20 
Run Only, 20
1.000
- 1.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
.007
.007
60.080
.0001
.0001
.0001
Blood Lactate (mMol)
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 14.771 2.954
trial 1 24.654 24.654 16.335 .0099 .0099 .0099
trial * Subject 5 7.546 1.509
time 7 11.887 1.698 5.241 .0004 .0608 .0538
time * Subject 35 11.339 .324
trial * time 1 T0.T48 1 449 11 T 7 8 .0001 .0040 .0007
trial * time * S... 35 4.307 .123
Dependent: Compact Variable 1 Table of Epsilon Factors for df A djustm ent 
D ependent: Com pact Variable 1
Means Table 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
G-G Epsilon H-F Epsilon
trial 1.000 1.000
time .165 .184
trial * time .249 .370
Count Mean Std. Dev. Std. Error
post transition, 35 
post transition, 40 
post transition, 0 
post transition, 2 
post transition, 5 
post transition, 10 
post transition, 15 
post transition, 20 
run only, 35 
run only, 40 
run only, 0 
run only, 2 
run only, 5 
run only, 10 
run only, 15 
run only, 20
6 2.070 733 .299
6 2.233 .736 .300
6 2.035 .587 .239
6 2.198 .295 .121
6 2.520 .919 .375
6 2.127 1.195 .488
6 2.162 1.200 490
6 2.113 1.206 492
6 .100 0.000 0.000
6 .100 0.000 0.000
6 1.075 .230 .094
6 1.250 .189 .077
6 1.612 .466 .190
6 1.593 .334 .136
6 1.727 .384 .157
6 1.893 .594 .243
Com parison 1 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
Com parison 2 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
post transition, 35 1.000 post transition, 40 1.000
run only, 35 -1 .000 run only, 40 -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
11.643
11.643 
94.612 
.0001 
.0002 
.0001
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
13.653
13.653 
110.952 
.0001 
.0001 
.0001
Comparison 3
Effect: trial *  tim e
Dependent: Compact Variable 1
Cell Weight
Comparison 4
Effect: trial *  time
Dependent: Compact Variable 1
Cell Weight
post transition, 0 1.000 post transition, 2 1.000
run only, 0 -1 .000 run only, 2 -1 .000
df 1
Sum of Squares 2.765 
Mean Square 2.765 
F-Value 22.468 
P-Value .0001 
G-G .0078 
H-F .0033
df 1
Sum of Squares 2.698
Mean Square 2.698
F-Value 21.925
P-Value .0001
G-G .0082
H-F .0035
Com parison 5 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
Com parison 6 
Effect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
post transition, 5 1.000 post transition, 10 1.000
run only, 5 -1 .000 run only, 10 -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
2.475
2.475 
20.114 
.0001 
.0097 
.0045
df 1
Sum of Squares .853 
Mean Square .853 
F-Value 6.934 
P-Value .0125 
G-G .0496 
H-F .0412
Com parison 7 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
Com parison 8 
E ffect: trial * tim e 
D ependent: Com pact Variable 1
Cell Weight
post transition, 15 1.000 post transition, 20 1.000
run only, 15 -1 .000 run only, 20 -1 .000
df 1
Sum of Squares .568 
Mean Square .568 
F-Value 4.613 
P-Value .0387 
G-G .0756 
H-F .0712
df 1
Sum of Squares .145 
Mean Square .145 
F-Value 1.180 
P-Value .2848 
G-G .1876 
H-F .2179
Energy Expenditure (Kcal/jnin)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 212.885 42.577
TRIAL 1 14.113 14.113 3.184 .1344 1344 .1344
TRIAL * Subject 5 22.165 4.433
TIME 4 .921 ^ 3 0 .809 *5340 .4606 .4963
TIME * Subject 20 5.691 .285
TRIAL * TIME 4 2.004 .501 2.948 .0457 .0928 .0488
TRIAL * TIME * ... 20 3.399 .170
Dependent: RUN ECONOMY- kcal/min
Table o f  tp sR on  fa c to rs  fo r d f  A djustm ent 
D ependen t: RUN ECONOMY- kcal/m in
G-G Epsilon H-F Epsilon
TRIAL 1.000 1.000
TIME .438 .654
TRIAL * TIME .538 .957
Means Table 
E ffect: TRIAL * 
D ependent: RUN
TIME
ECONOMY- kcai/m in
Count Mean Std. Dev. Std. Error
POST TRANSITION, MINUTE 2 
POST TRANSITION, MINUTE 5 
POST TRANSITION, MINUTE TO 
POST TRANSITION, MINUTE 15 
POST TRANSITION, MINUTE 20 
RUN ONLY, MINUTE 2 
RUN ONLY, MINUTE 5 
RUN ONLY, MINUTE 10 
RUN ONLY, MINUTE 15 
RUN ONLY, MINUTE 20
6 19.150 1.791 .731
6 19.250 1.649 .673
6 18.978 1.401 .572
6 19.005 1*676 *684
6 18.960 1.640 .669
6 17.558 3.068 1.252
6 18.088 2.785 1.137
6 18.167 2.601 1.062
6 18.413 2.604 1.063
6 18.267 2.175 .888
Com parison 1
E ffect: TRIAL * TIME
D ependen t: RUN ECONOMY- kcal/m in
Cell Weight
Com parison 2
Effect: TRIAL * TIME
D ependent: RUN ECONOMY- kcal/m in
Cell Weight
POST TRANSITION, MINUTE 2 1.000 POST TRANSITION, MINUTE 5 1.000
RUN ONLY, MINUTE 2 -1 .000 RUN ONLY, MINUTE 5 -1 .000
df 1 df 1
Sum of Squares 7.600 Sum of Squares 4.048
Mean Square 7.600 Mean Square 4.048
F-Value 44.719 F-Value 23.820
P-Value .0001 P-Value .0001
G-G .0002 G-G .0018
H-F .0001 H-F .0001
Comparison 3
Effect: TRIAL *  TIME
Dependent: RUN ECONOMY- kcal/min
Cell Weight
POST TRANSITION. MINUTE 10 
RUN ONLY, MINUTE 10
1.000
- 1.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
Comparison 4
Effect: TRIAL *  TIME
Dependent: RUN ECONOMY- kcal/min
1.976 df 1
1.976 Sum of Squares 1.050
11.629 Mean Square 1.050
.0028 F-Value 6.179
.0129 P-Value .0219
.0032 G-G .0447
H-F .0234
Cell Weight
POST TRANSITION, MINUTE 15 
RUN ONLY, MINUTE 1 5
1.000
- 1.000
Com parison 5
E ffect: TRIAL * TIME
D ependent: RUN ECONOMY- kcal/m in
Cell Weight
POST TRANSITION, MINUTE 20 
RUN ONLY, MINUTE 20
1.000
- 1.000
df 1
Sum of Squares 1.442 
Mean Square 1.442 
F-Value 8.485 
P-Value .0086 
G-G .0253 
H-F .0095
Heart Rate (bpm)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 7150.333 1431.667
Trial 1 1325.400 1325.400 7.811 .0382 0382 .0382
Trial * Subject 5 848.400 169.680
Time 4 3 4 2 ^ 3 85.558 10.175 .0001 .0141 .0088
Time * Subject 20 168.167 8.408
Trial * Time 4 91.100 22.775 4.293 .0114 .0615 .0405
Trial * Time * ... 20 106.100 5.305
Dependent: Run Run Economy HR
Means Table 
E ffect: Trial * Time 
D ependent: Run 
Run Economy HR
Count
Post Transition, 2 
Post Transition, 5 
Post Transition, 10 
Post Transition, 15 
Post Transition, 20 
Run Only, 2 
Run Only, 5 
Run Only, 10 
Run Only, 1 5 
Run Only, 20
Table o f Epsilon Factors for df A djustm ent 
D ependent: Run 
Run Economy HR
Trial
Time
Trial * Time
Mean
G-G Epsilon H-F Epsilon
1.000 1.000
.323 .387
.391 .538
Std. Dev. Std. Error
6 154.333 8.641 3.528
6 155.000 9.859 4.025
6 156.000 10.354 4.227
6 156.833 11.754 4 7 9 9
6 157.667 11.793 4.814
6 140.667 14.528 5.931
6 144.333 14.638 5.976
6 148.000 15.126 6.175
6 149.333 15.371 6.275
6 150.500 14.474 5.909
Com parison 1 
E ffect: Trial * Time
Com parison 2 
E ffect: Trial * Time
D ependent: Run D ependent: Run
Run Economy HR Run Economy HR
Cell Weight Cell Weight
Post Transition, 2 1.000 Post Transition, 5 1.000
Run Only, 2 -1 .000 Run Only, 5 -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
560.333
560.333 
105.624 
.0001 
.0001 
.0001
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
341.333
341.333 
64.342 
.0001 
.0003 
.0001
Com parison 3 
E ffec t: Trial * Time
Com parison 4 
E ffec t: Trial * Time
D ependent: Run D ependent: Run
Run Economy HR Run Economy HR
Cell Weight Cell Weight
Post Transition, 10 1.000 Post Transition, 1 5 1.000
Run Only, 10 -1 .000 Run Only, 1 5 -1 .000
df 1 df 1
Sum of Squares 192.000 Sum of Squares 168.750
Mean Square 192.000 Mean Square 168.750
F-Value 36.192 F-Value 31.810
P-Value .0001 P-Value .0001
G-G .0016 G-G .0023
H-F .0004 H-F .0007
Com parison 5 
E ffect: Trial * Time 
D ependent: Run 
Run Economy HR
Post Transition, 20 
Run Only, 20
Cell Weight
1.000
- 1.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
1 54.083
1 54.083
29.045
.0001
.0029
.0009
Type III Sums of Squares
Carbohydrate Oxidation (g/min)
Source df Sum of Squares Mean Square F-Value P-Vaiue G-G H-F
Subject 5 24.683 4.937
Trial 1 4.505 4.505 4.134 .0977 .0977 .0977
Trial * Subject 5 5.448 1.090
Time 4 1.092 .273 4.804 .0070 .0466 .0264
Time * Subject 20 1.136 .057
Trial * Time 4 .966 .242 1D.234 .ODOl .0014 .0001
Trial * Time * ... 20 .472 .024
Dependent: Run Economy gcho/min
Table o f  TpsHon Facto rs fo r tif A djustm ent 
D ependent: Run Economy gcho/m in
G-G Epsilon H-F Epsilon
Trial 1.000 1.000
Time 409 .581
Trial * Time .635 1.347
Probabilities are no t corrected for values 
of epsilon greater than 1.
Means TabJe
Effect: Trial * Time
D ependent: Run Economy gcho/m in
Count Mean Std. Dev. Std. Error
Post Transition, 2 
Post Transition, 5 
Post Transition, 10 
Post Transition, 15 
Post Transition, 20 
Run Only, 2 
Run Only, 5 
Run Only, 10 
Run Only, 15 
Run Only, 20
6 3.320 .779 .318
6 3.252 .612 .250
6 2.860 .674 .275
6 2 .783 .683 .279
6 2.770 .555 .226
6 3.437 1.021 -417
6 3.668 .984 .402
6 3.663 .822 .335
, 6 3.542 .862 .352
6 3.415 .844 .345
Com parison 1
E ffect: Trial * Time
D ependent: Run Economy gcho/m in
Cell Weight
Com parison 2
Effect: Trial * Time
D ependent: Run Economy gcho/m in
Cell Weight
Post Transition, 2 1.000 Post Transition, 5 1.000
Run Only, 2 -1 .000 Run Only, 5 -1 .000
df 1
Sum of Squares .041 
Mean Square .041 
F-Value 1.730 
P-Value .2033 
G-G .1980 
H-F .2033
df 1
Sum of Squares .521 
Mean Square .521 
F-Value 22.062 
P-Value .0001 
G-G .0013 
H-F .0001
Comparison 3
Effect: Trial *  Time
Dependent: Run Economy gcho/min
Cell Weight
Comparison 4
Effect: Trial *  Time
Dependent: Run Economy gcho/min
Cell Weight
Post Transition, 10 1.000 Post Transition, 15 1.000
Run Only, 10 -1 .000 Run Only, 15 -1 .000
df 1
Sum of Squares 1.936 
Mean Square 1.936 
F-Value 82.008 
P-Value .0001 
G-G .0001 
H-F .0001
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
1.725
1.725 
73.478 
.0001 
.0001 
.0001
Com parison 5
E ffect: Trial * Time
D ependent: Run Economy gcho/m in
Post Transition, 20  
Run Only, 20
Cell Weight
1.000
- 1.000
df 1
Sum of Squares 1.248 
Mean Square 1.248 
F-Value 52.867 
P-Value .0001 
G-G .0001 
H-F .0001
Body Weight Change- Run Only (kg)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 463.349 92.670
Body Wgt Run ... 1 .760 .760 5.490 .0661 .0661 .0661
Body Wgt Run ... 5 .692 .138
Dependent: Body Wgt Run Only
Table o f Epsilon Factors for df A djustm ent 
D ependent: Body Wgt Run Only
G-G Epsilon H-F Epsilon
Body Wgt... 1.000 1.000
Means Table
Effect: Body Wgt Run Only 
D ependent: Body Wgt Run Only
Count Mean Std. Dev. Std. Error
Pre 6 76.317 6.961 2.842
Post 6 75.813 6.660 2.719
Body Weight Change- Transition Economy (kg)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 7 !6 .4 !6 ! 43.283
Body Wgt Tran... 2 3.944 !.972 94-485 .000! .000! .000!
Body Wgt Tran... !0 .209 .02!
Dependent: Body Wgt Tran#1
Table o f Epsilon Factors for d f A djustm ent 
D ependent: Body Wgt Tran#1
G-G Epsilon H-F Epsilon
Body Wgt... .526 .546
Means Table
Effect: Body Wgt Tran#! 
D ependent: Body W gt Tran#!
Count Mean Std. Dev. Std. Error
PRE 6 76.475 6.970 2.846
post cycle (40min) 6 76.025 6.89! 2.8!3
Post Run (6! min) 6 75.337 6.874 2.806
Com parison !
E ffect: Body Wgt T ran#! 
D ependent: Body Wgt T ran#!
Cell Weight
Com parison 2
Effect: Body Wgt Tran#!
D ependent: Body Wgt Tran#!
Cell Weight
PRE !.000 PRE !.000
post cycle (40min) - ! .0 0 0 Post Run (6! min) -! .0 0 0
df !
Sum of Squares .607
Mean Square .607
F-Value 29.! 06
P-Value .0003
G-G .0044
H-F .0040 Com parison 3 
E ffect: Body Wgt T ran#! 
D ependent: Body Wgt Tran#!
df !
Sum of Squares 3.887
Mean Square 3.887
F-Value ! 86.248
P-Value .000!
G-G .0001
H-F .0001
Cell Weight
post cycle (40min) 
Post Run (6! min)
!.000
-!.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
!
! 4 2 !  
! 4 2 !  
68 .! 00 
.000! 
.0007 
.0006
Body Weight Change- Transition Efficiency (kg)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 739.545 147.909
Body Wgt Tran... 2 2.115 1.057 1.94E2 .0001 .0001 .0001
Body Wgt Tran... 10 .055 .005
Dependent: Body Wgt Tran#2
Table o f Epsilon Factors for df A djustm ent 
D ependent: Body W gt T ran#2
G-G Epsilon H-F Epsilon
Body Wgt... .879 1.317
NOTE Probabilities are no t corrected for values 
of epsilon greater than 1.
Means Table
E ffec t: Body W gt T ran#2 
D ependent: Body W gt T ran#2
Count Mean Std. Dev. Std. Error
Pre 6 76.025 6.974 2.847
Post Cycle (40 min) 6 75.645 7.046 2.876
Post Run (56min) 6 75.187 7.045 2.876
Com parison 1
E ffect: Body Wgt Tran#2
D ependent: Body W gt T ran#2
Com parison 2
Effect: Body Wgt Tran#2
D ependent: Body Wgt Tran# 2
Cell Weight Cell Weight
Pre 1.000 Pre 1.000
Post Cycle (40 min) -1 .000 Post Run (56min) -1 .000
df 1 df 1
Sum of Squares .433 Sum of Squares 2.108
Mean Square .433 Mean Square 2.108
F-Value 79.454 F-Value 386.706
P-Value .0001 Com parison 3 P-Value .0001
6 -6 .0001 E ffect: Body W gt T ran#2 G-6 .0001
H-F -0001 D ependent: Body W gt Tran#2 H-F -0001
Cell Weight
Post C^cle (40 min) 
Post Run (56min)
1.000
- 1.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
.630
.630
115.587
.0001
.0001
.0001
Cycle-Run Transition- V02 (L/m in)
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 .693 .139
"cycle vs. run... 2 .267 .133 .972 4113 .3734 .3764
"cycle vs. run... 10 1.371 .137
Dependent: cycle to  run transition
Table of Epsilon Factors for df A djustm ent 
D ependent: cycle to  run tran sition
G-G Epsilon H-F Epsilon
cycle vs.... .532 .556
Means Table
E ffect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run tran sitio n
Count Mean Std. Dev. Std. Error
cycle (30,35,40) 6 3.652 .304 .124
run (2,5) 6 3.898 .391 .160
run (10,15,20) 6 3.920 .409 .167
Com parison 1
E ffect: cycle vs. run (p o s t  tra n s )  
D ependent: cycle to  run tran sitio n
Cell Weight
Comparison 2
Effect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run transition
Cell Weight
cycle (30,35,40) 1.000 cycle (30,35,40) 1.000
run (2,5) -1 .000 run (10,15,20) -1 .000
df 1 df 1
Sum of Squares -183 Sum of Squares .216
Mean Square .183 Mean Square .216
F-Value 1.331 F-Value 1.575
P-Value .2754 P-Value .2380
G-G .2488 G-G .2239
H-F .2511 Com parison 3 
E ffect: cycle vs. 
D ependent: cycle
H-F
run (p o s t tran s) 
to  run tran sition
.2254
Cell Weight
run (2,5) 
run (10,15,20)
1.000
- 1.000
df 1
Sum of Squares .001 
Mean Square .001 
F-Value .010 
P-Value .9213 
G-G .7781 
H-F .7904
Cycle-Run Transition- VE
Type Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 449.765 89.953
"cycle vs. run... 2 57-490 28.745 .396 .6833 .5644 .5699
"cycle vs. run... 10 726.310 72.631
Dependent: cycle to  run transition
Table o f Epsilon Factors for d f A djustm ent 
D ependent: cycle to  run tran sitio n
G-G Epsilon H-F Epsilon
cycle vs.... .521 .538
Means Table
E ffect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run tran s itio n
Count Mean Std. Dev. Std. Error
cycle (30,35,40) 6 70.583 10.518 4.294
run (2,5) 6 74.933 7.503 3.063
run (10,15,20) 6 72.333 8.264 3.374
Com parison 1
Effect: cycle vs. run (p o s t tra n s )  
D ependent: cycle to  run tran sition
Cell Weight
Comparison 2
Effect: cycle vs. run (p o s t tran s) 
D ependent: cycle to  run transition
Cell Weight
cycle (30,35,40) 1.000 cycle (30,35,40) 1.000
run (2,5) -1 .000 run (10,15,20) -1 .000
df 1 df 1
Sum of Squares 56.768 Sum of Squares 9.188
Mean Square 56.768 Mean Square 9.188
F-Value .782 F-Value .126
P-Value .3974 P-Value .7295
G-G .3268 G-G .5658
H-F .3301 Com parison 3 |^_p 
E ffect: cycle vs. run (p o s t tran s)
.5735
D ependent: cycle to  run transition  
Cell Weight
run (2,5) 
run (10,15,20)
1.000
- 1.000
df 1
Sum of Squares 20.280 
Mean Square 20.280 
F-Value .279 
P-Value .6087 
G-G -4709 
H-F .4772
Cvcle-Run Transtion- RER
Type Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 .012 .002
"cycle vs. run... 2 .005 .002 11.281 .0027 .0099 .0052
"cycle vs. run... 10 .002 2.203E-4
Dependent: cycle to  run transition
Table o f Epsilon Factors for df A djustm ent 
D ependent: cycle to  run tran sitio n
G-G Epsilon H-F Epsilon
cycle vs.... .676 .838
Means Table
E ffect: cycle vs. run (p o s t  tra n s )  
D ependent: cycle to  run tran sitio n
Count Mean Std. Dev. Std. Error
cycle (30,35,40) 6 .922 .027 .011
run (2,5) 6 .912 .036 .015
run (10,15,20) 6 .883 .029 .012
Com parison 1
Effect: cycle vs. run (p o s t  tra n s )  
D ependent: cycle to  run tran s itio n
Cell Weight
Com parison 2
Effect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run transition
Cell Weight
cycle (30,35,40) 1.000 cycle (30,35,40) 1.000
run (2,5) -1 .000 run (10,15,20) -1 .000
df 1 df 1
Sum of Squares 3.000E-4 Sum of Squares .005
Mean Square 3.000E-4 Mean Square .005
F-Value 1.362 F-Value 20.894
P-Value .2703 P-Value .0010
G-G
H-F
.2564
.2647 Com parison 3 
E ffect: cycle vs. 
D ependent: cycle
G-G
, H-F 
run (p o s t tran s)
to  run transition
.0044
.0021
Cell Weight
run (2,5) 1.000
run (10,15,20) -1 .000
df 1
Sum of Squares .003 
Mean Square .003 
F-Value 11.587 
P-Value .0067 
G-G .0164 
H-F .0105
Cycle-Run Transition- Blood Lactate (mMol) 
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 7.223 1-445
"cycle vs. run... 2 .290 .145- .464 .6419 .5360 .5433
"cycle vs. run... 10 3.125 .312
Dependent: cycle to  run transition
Table of Epsilon Factors for df A djustm ent 
D ependent: cycle to  run tran sitio n
G-G Epsilon H-F Epsilon
cycle vs.... .531 .555
Means Table
Effect: cycle vs. run (p o s t tra n s )  
D ependent: cycle to  run tran sitio n
Count Mean Std. Dev. Std. Error
cycle (30,35,40) 6 2.068 .541 .221
run (2,5) 6 2.358 .584 .238
run (10,15,20) 6 2.117 1.198 .489
Com parison 1 
E ffect: cycle vs. 
D ependent: cycle
run (p o s t  tra n s )  
to  run tran sitio n
Cell Weight
Com parison 2
Effect: cycle vs. run (p o s t tran s) 
D ependent: cycle to  run transition
Cell Weight
cycle (30,35,40) 1.000 cycle (30,35,40) 1.000
run (2,5) -1 .000 run (10,15,20) -1 .000
df 1 df 1
Sum of Squares .252 Sum of Squares .007
Mean Square .252 Mean Square .007
F-Value .807 F-Value .022
P-Value .3900 P-Value .8839
G-G .3239 Com parison 3 G-G .7269
H-F .3286 E ffect: cycle vs. run (p o s t tra n s )  H-F .7394
D ependent: cycle to  run transition  
Cell Weight
run (2,5) 
run (10,15,20)
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1.000
- 1.000
1
.175
.175
.561
.4712
.3779
.3842
Cycle-Run Transition- HR
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 5 1242.444 248.489
"cycle vs. run... 2 52.111 26.056 .644 .5456 4620 .4645
"cycle vs. run... 10 404.556 40.456
Dependent: cycle to  run transition
Table o f Epsilon Factors for df A djustm ent 
D ependent: cycle to  run tran sitio n
G-G Epsilon H-F Epsilon
cycle vs.... .514 .524
Means Table
Effect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run tran sition
Count Mean Std. Dev. Std. Error
cycle (30,35,40) 6 152.667 10.820 4.417
run (2,5) 6 154.833 9.042 3.692
run (10,15,20) 6 156.833 11-427 4.665
Com parison 1
Effect: cycle vs. run (p o s t tra n s )  
D ependent: cycle to  run tran sition
Cell Weight
Com parison 2
Effect: cycle vs. run (p o s t tra n s)  
D ependent: cycle to  run transition
Cell Weight
cycle (30,35,40) 1.000 cycle (30,35,40) 1.000
run (2,5) -1 .000 run (10,15,20) -1 .000
df 1 df 1
Sum of Squares 14.083 Sum of Squares 52.083
Mean Square 14.083 Mean Square 52.083
F-Value .348 F-Value 1.287
P-Value .5683 P-Value .2830
G-G .4391 G-G .2519
H-F -4428 Com parison 3 H-F .2530
E ffect: cycle vs. run (p o s t tran s)
D ependent: cycle to  run transition
Cell Weight
run (2,5) 1.000
run (10,15,20) -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
12.000 
12.000 
.297 
.5979 
-4601 
4641
